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TRANSFUSION OF CADAVER BLOOD 


B. A. Perrov, M.D., Moscow, U.S.S.R. 
(From the Sklifosovsky Institute) 


N MARCH, 1930, S. S. Yudin of the Sklifosovsky Institute in Moscow per- 

formed transfusion of cadaver blood to men. <A patient who had severed 
his veins at the elbow in a suicidal attempt and lost a considerable amount of 
blood was saved by transfusion of 420 ml. of cadaver blood with the addition 
of physiologie solution; the blood was taken from the cadaver of a man who 
had died 6 hours previously from a fracture of the base of the skull. Prof. 
V. N. Shamov, a Soviet Surgeon, in 1928 proved that dogs subjected to profuse 
bleeding can be revived if the blood of recently killed dogs is transfused to 
them. Thus, the 1,000-year-old belief that cadaver blood is poisonous was 
refuted; a bold solution of the problem of utilizing such blood for reviving ex- 
sanguinated animals was found. 

It was discovered that cadaver blood not only preserved its sterility for 
several hours after death but remained functionally effective, i.e., the trans- 
fused erythrocytes retained their eapacity of carrying oxygen. 

Thirty years have passed since. During this period, the method of cadaver 
blood transfusion has firmly established itself in the practice of the Institute 
where it was first applied to man. Diverse investigations were carried out in 
in a special equipped laboratory. 

First of all, it was proved with the help of Bancroft’s apparatus that 
cadaver blood immediately after transfusion begins to discharge its basic 
funetion as an oxygen ecarrier.t This capacity is preserved in the cadaver for 
6 to 8 hours after death. In view of this, a period of 6 hours after death con- 
tinues to be considered the actual time limit within which blood may be with- 


drawn from a eadaver. 
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If the blood is left in the vascular system of the cadaver above this time 
limit, every subsequent hour brings changes in the osmotic resistance of the 
erythrocytes. Later it was proved that leukocytes retain their phagocytic 
function during the first 10 hours after death. 

Further investigations revealed a highly interesting phenomenon in the 
blood of individuals who die suddenly, without undergoing any antemortem 
agony: it is the phenomenon of so-called fibrinolysis. It was found that such 
blood either did not coagulate at all, or after an initial coagulation rapidly 
dissolved again and remained liquid. This capacity of cadaver blood to undergo 
fibrinolysis makes possible its conservation without any admixture of citrate 
or other anticoagulants. Owing to this cireumstance, the transfusion of fibrino- 
lytie blood even in very considerable quantities is not accompanied by grave 
complications and reactions, which are occasionally observed after the trans- 
fusion of citrated blood obtained from living donors. 

At the same time it was proved with the help of tracer substances, that 
blood withdrawn from eadavers never includes that which flows from the in- 
testines into the portal system; nor does it include blood flowing from the 
parenchyma of the lungs. 

The morphologic and biochemical composition of stored cadaver blood 
proves to differ very little from the stored blood of living donors. There 
is, however, an essential difference in the sugar content; in the blood of in- 
dividuals dying suddenly it is higher in comparison with the normal level 
(from 600 to 900 mg. per cent). The content of phosphate and urea also is 
somewhat heightened. The content of amino acids in cadaver blood proves to 
be very close to that of the blood of living donors. 

The Sklifosovsky Institute has a special operating room to which fresh 
human cadavers are delivered; the cadavers are brought by first-aid ambulances 
from the street, offices, and other places where sudden death overtakes human 
beings. 

The operating room is served by medical teams consisting of physicians, 
nurses, and assistants who are on duty day and night. The cadavers of persons 
dying suddenly from heart failure (infaret of the myocardium, hypertension, 
hemorrhage of the brain, aleohol intoxication, electrical shock, and so forth) 
are most suitable for procuring blood. 

The cadavers of individuals dying as a result of accidents are not suitable 
for this purpose; a considerable amount of blood flows out of the damaged 
tissues, which creates the danger of infection. However, cadavers with cerebral 
trauma from skull fracture in which the injury is predominantly closed are 
acceptable. 

In order to withdraw cadaver blood, the left jugular vein on the neck is 
severed and two cannulae are inserted into it; one runs in the direction of 
the heart, the other (a U-shaped one) in a eranial direction. They are fixed 
by strong ligatures, the free ends being fitted to rubber tubes through which 
the blood, due to its own weight, flows down into special sterile receptacles. 
For this purpose, the cadaver, which is fixed on the table, is placed in the extreme 
Trendelenburg position. 
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Fig. 1.—The jugular vein in the neck is severed and two cannulae are inserted into it. 





Fig. 2.—The blood, by force of gravity, flows down into special sterile ampules. 
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A cadaver of an adult individual yields from 2 to 3 L. of undiluted blood 
on the average. | 

As stated previously, cadaver blood does not require any stabilizer due to 
the phenomenon of fibrinolysis. However, a glucose phosphatic solution with 
antibiotics is added to it in order to prolong its conservation for a period ot 
25 to 30 days. Twenty-five milliliters of this solution is added for every 
250.0 ml. of the blood. 

When the maximum quantity of undiluted blood flows out, the collection 
of so-called washed-out blood is started. For this purpose the operating table 
is fixed in a horizontal position, and 1,000.0 ml. of glucose-phosphatie solu- 
tion is introduced into the carotid artery. The cadaver is placed in the Tren- 
delenburg position, and about 2 L. of washed-out blood is obtained additionally. 
This blood is characterized by a smaller content of erythocytes and hemoglobin 
(50 to 60 mg. per cent). 

The collected blood is placed in a refrigerator and kept there until the 
final results of a number of thorough laboratory tests are known. First of all, 
the grouping of the blood is ascertained. Then the blood is subjected to a 
bacteriologic test by culture studies (5 days’ growth); a thick drop is examined 
for the plasmodium of malaria. The amounts of hemoglobin and cholesterin 
as well as the rhesus factor are determined. <A general clinical analysis of 
the blood is carried out, and in some eases the blood is analyzed for latent 
hemolysis and for fragility of the erythrocytes. The cadaver additionally is 
subjected to careful section involving thorough macroscopic and microscopic 
examinations. Only when all the results prove favorable is the blood released 
to the elinie for use. 

The Sklifosovsky Institute has been procuring and transfusing cadaver 
blood for 28 years. More than 27,000 transfusions have already been per- 
formed, and the amount of the blood transfused has reached 25 tons. 

Thus, in the course of these many years, 70 per cent of all the very econ- 
siderable requirements of the clinies of the Sklifosovsky Institute for blood 
transfusion has been satisfied at the expense of cadaver blood. It is self- 
evident that we do use blood from living donors as well, and mainly for reasons 
of blood incompatibility. 

In general, vur long experience has proved that cadaver blood is not only 
harmless with respect to infection cr intoxication, but possesses a number of 
advantages over the blood of living donors. 

1. Owing to the preper selection of cadavers for blood collection, observ- 
ance of strict asepsis, organization of serologic and bacteriologie control, and 
thorough pathologicoanatomie examination of the cadavers during autopsy, the 
recipient is afforded ample safeguards against the transmission in the trans- 
fused blood of any diseases, toxins, or pathogens. As is well known, such safe- 
guards cannot be assured when blood is obtained from living donors. 

2. The presence of the phenomenon of fibrinolysis in cadaver blood is 
another great advantage. Cadaver blood is transfused without the addition ot 
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citrate; this is an advantage in itself, especially when several liters of blood 
obtained from one and the same cadaver are transfused. As a rule, cadaver 
blood ealls forth less reaction than the blood of living donors. 

3. A cadaver yields from 2 to 4 L. blood, and additionally some washed- 
out blood; this cireumstance makes it possible, in the case of need, to transfuse 
one patient with a considerable amount of the same blood. Besides, the plasma 
may be subjected to separation by gravity and such plasma may be preserved 
for a long time. 

The methods of cadaver blood transfusion deserve further elaboration and 
wider application. It is the result of the development of Soviet scientific thought 
in connection with which the well-known British Lancet once wrote: ‘‘Reason 
has triumphed over instinet’’ (Lancet 2: 454, 1937). 
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FUNCTIONAL RESULTS FOLLOWING SUBTOTAL AND TOTAL 
COLECTOMY WITH A RE-ESTABLISHMENT OF CONTINUITY 


JOHN P. GuAusitz, M.D.,* AND Jack W. McEtwain, M.D.,** 
Lone Istanp, N. Y. 


URING recent years subtotal and total colectomy with re-establishment of 

continuity have become accepted surgical procedures in the management 
of certain colonic conditions. It is the purpose of this paper to set forth our 
experience with 11 such procedures and to discuss the functional results ob- 
tained in each. 

Articles in medical literature do not define subtotal and total colectomy 

clearly and often do not specify whether ileostomy is included. Dixon and 
senson’® consider that total colectomy includes complete removal of the colon 
and rectum and that subtotal colectomy includes removal of more than half 
the colon. Best® terms total colectomy “ileorectostomy,” when 2.5 em. or more 
of rectum is not removed and “ileoproctostomy,” when the anastomosis is 
made at a lower level. According to Lillehei and Wangensteen,’® total colee- 
tomy means that the ileum is anastomosed to the rectum. They consider that 
a colectomy is subtotal when a few centimeters of right or left colon is allowed 
to remain with the reetum. It is our understanding that subtotal colectomy 
is a procedure in which all but a few centimeters of colon is removed, and 
total colectomy is one in which the entire colon, except the rectum, is removed. 
If the ileum or cecum is anastomosed to the sigmoid colon, a subtotal proce- 
dure has been performed. If the ileum is anastomosed to the rectum, a total 
procedure has been performed. This discussion includes only eases in which 
continuity has been re-established. 

In 1900, Lillienthal?® performed a total colectomy with ileoproctostomy 
for “hyperplastic colitis.” Shortly thereafter, Sir William Lane’? became 
interested in total and subtotal colectomy and described a technique which 
was accompanied by a mortality rate of less than 10 per cent. Recent ex- 
haustive studies reported by Lillehei and Wangensteen’’ have stimulated many 
surgeons to utilize more radical surgical procedures in the management of 
eolonie conditions. It has become evident from elinical research that animals 
and humans may thrive without the entire colon if most of the distal portion 
of the small bowel is preserved. Electrolyte imbalance and undesirable 
changes in stool habits may occur when excessive portions of small bowel are 
sacrificed. If more than one-third of the small intestine is removed, diarrhea 
and loss of weight occur. Wildegans”* found that loss of three-fourths of the 
small bowel caused marasmus. The normal amount of unabsorbed excreted 
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fecal fat is 4 to 10 per cent, and loss of large segments of small bowel causes 
a moderate to severe interference with fat absorption. Protein is slightly 
decreased, but carbohydrate utilization is unchanged. Fat is excreted in cer- 
tain quantities as a calcium soap, and if excessive loss of absorbing surface 
occurs hypocalcemia may result and the levels of vitamin K and C may fall. 
Experimenting with dogs, Kremen and associates’® found that bypassing the 
ileocecal valve or resection of proximal portions of the small bowel had no 
effect on fat loss. He observed that 50 to 70 per cent of proximal small bowel 
could be sacrificed without causing loss of weight, but removal of 50 per cent 
of distal small bowel did cause it, together with diarrhea and fat depletion. 
He found that preservation of the ileocecal valve seemed to aid in adjusting 
the function of the small bowel after portions of the ileum had been removed 
and that it supported nutrition. Kunz and Molitor’ found that dogs survived 
with 80 per cent of the intestine removed, provided they were fed a highly 
nutritious diet. . 

Functional results of subtotal and total colectomy vary. Frequent watery 
stools are common and poor absorption of water is a prominent cause. Perry*' 
experimented with cats and found that the distal 12 em. of ileum absorbs 1.8 
times more water than the entire colon. Saving the ileocecal valve appears to 
allow sufficient time for the proximal portion of the bowel to absorb enough 
water to prevent diarrhea. Without the ileocecal valve, the more ileum saved, 
the fewer the watery stools, and if more than 30 em. of ileum are removed 
diarrhea is difficult to control. 

Lillehei and Wangensteen performed 60 ileoproctostomies, and in 13 other 
eases in which the ileocecal valve was preserved no patient had more than two 
to three stools daily and the stools were formed. Of 54 cases in the first group, 
39 had good results (one to three formed stools daily), 9 had fair results 
(three to four loose stools daily), and 6 had poor results (six or more loose 
stools daily) during the 3 months immediately after surgery. Wangensteen 
states that function may improve for a year. 

In 13 eases of polyposis, Coleman and Eckert*® removed 5 to 20 em. of 
ileum and anastomosed it to the distal segment at a level between 8 and 25 em. 
above the anal verge. Results were good, with one exception. They do not 
restrict diet because their patients are not susceptible to diarrhea. Five of the 
patients were children and their growth was normal following operation. 

In Teicher’s series®® of 8 patients, 3 to 15 em. of ileum was removed, and 
anastomoses were made 12.5 to 16 em. above the anal verge. All but one pa- 
tient had one to three semisolid stools daily, and there was no urgency or 
cramping. The failure in one case was attributed to excessive intake of 
aleohol. Inerease of flatus was noted by 3 patients. All patients had post- 
operative watery diarrhea for 7 to 14 days. 

Best® states that little trouble will be experienced if the anastomosis is 
made 2.5 em. or more above the anorectal line. Anastomosis below that level 
causes urgency and diarrhea and often necessitates performance of a perma- 


nent ileostomy. 
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INDICATIONS FOR TOTAL COLECTOMY 


Assuming that the body can function well without the colon, consideration 
should be given to radical removal of that organ whenever necessary. Al- 
though this presentation is mainly concerned with functional results following 
subtotal and total colectomy, some mention will be made of the indication for 
these procedures. 

Polyps.—Deddish and Hertz® have shown that colonic adenomas and other 
lesions can remain undetected by roentgenologie studies and by palpation of 
the bowel during performance of surgical operation. Of 103 patients explored 
on account of suspected colonic polyps, 46.6 per cent had colonie lesions which 
had not been demonstrated. In 73 eases of total and subtotal colectomy, 
Lillehei and Wangensteen'® found that 38 per cent had undiscovered polyps. 
The mortality rate of their series was 5.5 per cent. 

Much information has been presented in the literature regarding the 
treatment of familial polyposis or adenomatosis. Estes,’ Bacon and _ asso- 
ciates,* and Cattell’ recommend total colectomy with permanent ileostomy 
whenever the rectum is involved. Jones and Turnbull,’* Dixon and Benson,’° 
Searborough and Klein,?* and Best® suggest establishing continuity by ileo- 
proctostomy and eareful continued surveillance of the distal segment. Bacon 
and Gass’? found that 39.1 per cent of 23 similar cases developed rectal car- 
cinoma. 

The problem presented by eases of single or multiple adenomas of the 
colon is confusing. Teicher and Abrahams” feel that total or subtotal colee- 
tomy is indicated if three or more polyps are present, and they believe that, 
where only one polyp is discovered adjacent to a carcinoma, extensive resec- 
tion is indieated. This attitude is supported by Mayo, who studied 131 autop- 
sies of patients who died within 3 weeks following operations for colonic or 
rectal carcinomas. He found that 37.4 per cent had additional polyps and 5.3 
per cent had another carcinoma. Lillehei and Wangensteen'® perform total 
eolectomy for polyps when they are found in several segments of bowel, or 
when a polyp is found near a segment of bowel which has been resected for 
malignaney. Coleman and Eckert® warn against an end-to-side or side-to-side 
anastomosis because they claim that a pouch is formed which prevents satis- 
factory endoscopy of that area and consequent poor access to polyps if they 
should develop. 

Carcinoma.—Most authors agree that multiple carcinomas of the large 
bowel should be treated by total or subtotal colectomy. In a study of 344 
eases of large bowel cancer, Bargen and Rankin® found that 4.5 per cent had 
two or more carcinomas. In Lillehei and Wangensteen’s series’® of 73 total 
and subtotal colectomies, 7.0 per cent had a second lesion. They feel that any 
carcinoma situated between the rectum and hepatic flexure requires total or 
subtotal colectomy. Lesions proximal to the hepatic flexure, where portions 
of ileum must be excised, require a less extensive operation. When a colostomy 
must be established for rectal carcinoma, they limit the excision to the trans- 
verse colon as insurance against troublesome watery stools. 
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Diverticulitis—According to Teicher and Abrahams,?* extensive diver- 
ticulitis requires total colectomy, especially if bleeding is a symptom. Lillehei 
and Wangensteen'® also recommend this procedure for diverticulitis when 
most of the colon is involved. 


Ulcerative Colitis—This disease is described by. Bacon and Trimpi® as a 
progressive condition which usually requires total colectomy and abdomino- 
perineal excision of the rectum with permanent ileostomy. Ravitch? has 
performed ileoanal anastomosis for this condition and so have Best® and 
Wangensteen and Toon,”® but healing and functional results have not been 
very gratifying. Recent studies by Aylett,! however, have revived hopes of 
developing a sphincter-saving procedure in the surgical treatment of this 
condition. 


MANAGEMENT 


Preoperative.—All patients were prepared in the hospital with neomycin 
or with neomycin and sulfathaladine after an extensive blood survey and ap- 
propriate roentgenographiec investigation. 

Postoperative—Intake and output totals were measured carefully and 
electrolyte was replaced as required. Vitamins, antibiotics, and early ambula- 
tion were utilized in each patient. 


Operative Technique.—All incisions were left lower paramedian with 
retraction of the abdominal musculature. After exploration the small intes- 
tine was earefully packed into a Leahy rubber bag to prevent injury from 
laparotomy pads or instruments. This procedure facilitates colectomy by 
allowing easy mobility of the entire small bowel. It may be kept on the ab- 
dominal wall or packed out of the field in the abdomen without difficulty or 
loss of time. The colon was mobilized after the technique of Bacon and Ross 
in each instance. When practicable, proximal ligation of large blood vessels 
was performed in patients with carcinoma. Lymphatic node dissection was 
performed in continuity in patients with carcinoma from the pancreas to the 
bifureation of the aorta as indicated. Anastomoses were constructed in two 
layers with running 4-0 chromic or with interrupted 4-0 silk on the serosa and 
running locked 4-0 chromic suture on the inside. No posterior peritonization 
was performed since we feel that intestinal obstruction is more likely to occur 
from adherence of bowel to suture material or herniation through an unsuspected 
defect. Sump drains were placed in the pelvis and were brought out through 
the lower part of each incision. They were removed when drainage did not 
exceed 50 ¢.c. in any 8-hour period, usually in 36 hours. 


RESULTS IN CLINICAL CASES 


There were 6 women and 5 men in this series. They averaged 50 years of 
age. Seven total colectomies and 4 subtotal colectomies were performed. Six 
of the total colectomies were for carcinoma and the seventh was for ulcerative 
colitis. Two carcinomas were situated in the distal portion of the sigmoid, 
three were near the splenic flexure, and one was found at the hepatic flexure. 
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The sigmoidal lesions required extensive resection. One involved the cecum 
and the uterus (Case 5). Another was involved by a huge, long-standing 
scrotal hernia (Case 7). The lesions of the splenic flexure were large. One 
had perforated and required removal of the left kidney, the spleen, and the 
tail of the pancreas (Case 9). This patient also had adenomatosis with malig- 
nant degeneration of all polyps discovered. Two eases of subtotal colectomy 
were performed for diverticulitis, one for adenomatosis, and one for a huge 
incisional hernia. 

Only 2 cases required excision of more than 6 em. of ileum (Table 1). 
One of these was a patient with carcinoma of the hepatic flexure (Case 6), 
and the other was the patient with ulcerative colitis (Case 11). The largest 
amount of colon left after subtotal procedures was 12 em. and this was done in 
the ease of the patient with polyposis (Case 1). The smallest segment of rectum 
allowed to remain was 7 em. (Case 7). 

There were three complications. Two weeks after surgery, the patient with 
adenomatosis (Case 1) developed a low-grade thrombophlebitis of the leg, which 
responded promptly to administration of anticoagulants. A subdiaphragmatiec 
abseess was evacuated in one patient following total colectomy for advanced 
perforating carcinoma, and a wound infection was drained in one patient. There 
were no deaths in this series of cases. 
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TABLE I. OPERATIVE STATISTICS 
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Table II summarizes the bowel habit of each patient from the first week 
to the third month. Bowel movement usually began on the third postoperative 
day and increased gradually in number to the seventh day, and during this 
period they were watery and often difficult to control. Some patients suffered 
an inerease in stool frequency for 14 days, but invariably diminution occurred 
during several weeks thereafter. After an elapse of 2 weeks, stools became 
watery or soft, and at the end of 2 months they were formed and soft with 
the exception of the patient with ulcerative colitis. In general, the patients 
who had subtotal colectomy developed soft, formed stools somewhat earlier 
than patients undergoing total colectomy. In the patient in Case 1 the ileo- 
cecal valve was allowed to remain and the number of stools never exceeded 
two a day. The ileocecal valve was retained in Case 3 also, but the follow-up 
period has not been of sufficient length to evaluate function. By the third 
postoperative month, the evacuation habit appears fairly well established, but 
in most cases additional improvement continues for 6 months. The 4 patients 
who had subtotal colectomy averaged two to four soft, formed stools daily, 
and the 7 patients who had total colectomy averaged three to five. It would 
appear, therefore, that little was gained functionally by preserving small por- 
tions of colon. In the case of 2 patients (Cases 6 and 11), in whom 30 and 65 
em., respectively, of ileum was resected, the functional results were not bad. 


TABLE II. NUMBER AND CONSISTENCY OF POSTOPERATIVE STOOLS 
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TABLE IIT. FUNCTIONAL RESULTS AFTER THREE MONTHS 
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Late functional results have been satisfactory (Table III). All patients 
have five stools or less per day and there is no urgency or incontinence. Pa- 
tients of this series have gained from 10 to 48 pounds, and each has been 
completely rehabilitated. One patient (Case 4) has been followed only 2 
months but appears to have functional results similar to those of the others. 
The other patients have been followed from 5 to 52 months. The case followed 
longest is the patient with ulcerative colitis who now has mild recurrent dis- 
ease in the rectum but is sufficiently free of disability to refuse ileostomy. 


SUMMARY AND CONCLUSIONS 


Eleven cases of total and subtotal colectomy have been presented and the 
functional results in each have been tabulated. Our results are similar to 
those of Lillehei and Wangensteen,’* Teicher and Abrahams,** and Coleman 
and Kckert,* except that our patients appear to have more frequent stools 
throughout their immediate and remote postoperative courses. There were no 
deaths among our patients, and there was not enough intestinal malfunction 
subsequent to total and subtotal colectomy to warrant conservation if extensive 


resection appeared advisable. 
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THE ASSOCIATION OF PEPTIC ULCER AND SYMPTOMATIC 
HIATAL HERNIA 


KENNETH CruzE, M.D.,* Francis X. Byron, M.D.,** AND 
JAMES T. Hiti, M.D.,*** Los ANGELES, CALIF. 


(From the Section of Thoracic Surgery and General Surgery Service, Veterans 
Administration Center) 


HIS report is primarily intended to emphasize the frequent association of 

gastroduodenal peptic uleer and symptomatic hiatal hernia. The pre- 
operative recognition is imperative in order to render correct surgical evalua- 
tion and approach to this sometimes confusing combination. 

The association of peptic ulceration with a symptomatic hiatal hernia has 
been noted in the past although its frequeney has not been fully stressed for 
several reasons: (1) possible incomplete preoperative upper gastrointestinal 
work-up or examination; (2) satisfaction on the part of the operating surgeon 
to treat only. one obvious symptomatic condition; (3) frequent utilization of 
the more popular thoracic approach in the repair without gastroduodenal 
visualization when direct examination might have revealed old or recent ulcer 
searring ; (4) confusing clinical appearance whereby the upper gastrointestinal 
pain is attributed to peptic esophagitis rather than a discrete peptic ulcer or 
both; and (5) paucity of the reported frequency of these associated lesions 
in the larger series of hiatal hernia repair. 

Attention was directed to this frequent association after recently review- 
ing the results of hiatal hernia repair at this Center and findings that 21 of 
65 patients (32.3 per cent) had both lesions.'® Since this time a more intensive 
preoperative examination has been made of those patients with symptomatic 
hiatal hernia with the result that 12 new patients have been observed making 
a total of 33 cases which form the basis of this report. 

Actual reports of these lesions have a most diverse background which 
‘anges from small case reports devoted entirely to this association to those 
encompassing hundreds of hiatal hernia repairs with only a minute allusion to 
this combination. Obviously it is impossible to draw an accurate conclusion 
concerning the exact frequency of this combination of lesions but Carver’s 
recent report’ brought this entity more sharply into foeus. A review and 
statistical compilation of the literature from a wide variety of reports’-** re- 
veal that these lesions are associated in approximately 11 per cent of reported 
eases (293 in 2,724 hiatal hernia cases). This probably represents a lower 
over-all frequency than actually exists. 
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MATERIAL 


There was a total of 33 male patients who had either a gastric or duodenal 
ulcer with a hiatal hernia (Table I) representing those treated at the Los 
Angeles Veterans Administration Center during the past 5 years. The average 
age was 56.5 years. There are no esophageal peptic ulcers included in this 
study. Seven patients developed a proved peptic gastroduodenal ulcer follow- 
ing the initial repair of their hiatal hernia (Table II). Patients were included 
in this report if any of the following criteria were fulfilled: (1) a peptic ulcer 
treated surgically in the past or found at surgery for the first time; (2) x-ray 
evidence of a definite ulcer niche; or (3) previous treatment by a doctor for 
substantiated ulcer findings pis a long-standing history of prompt epigastric 
pain relief with alkali ingestion. The majority (32) were in the first two 
categories and only one was in the third. 


TABLE I. TYPES OF ASSOCIATED PEPTIC ULCER LESIONS 











LESION | NUMBER 
Duodenal ulcer 29 
Gastric ulcer 2 
Gastric and duodenal ulcer 2 
Total 33 





TABLE II. TYPES oF PEPTic ULCER DEVELOPING POSTOPERATIVELY 








LESION | NUMBER 





Duodenal ulcer 
Gastric ulcer 

Marginal ulcer 
Channel ulcer 


Total 
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DISCUSSION 


The incidence of peptic ulcer in normal autopsy population is approximately 
10.6 per cent based on the studies of Fainer and Halsted.® The over-all fre- 
queney noted in this review is comparable (11.0 per cent) to that of the normal 
population, but in some of the largest series there is a much lower incidence than 
is usually encountered. However, several recent series show a definite increase 
above average.” 1° 1% 21,28 We feel that closer evaluation might possibly result 
in a higher incidence. Patients with an associated peptic uleer have a more 
severe acid diathesis and this is reflected in the findings on esophagoscopic 
examination. Even though the examinations were performed over a 5-year 
period by different members of the house staff, the diagnosis of visible esophagitis 
was made almost twice as frequently in those patients with an associated peptic 
uleer (Table III). The explanation for this increased severity seems to bear 
a rather direct relationship to four factors: (1) varying degrees of duodenal 
scarring with decreased neutralization by regurgitant alkaline products; (2) 
abnormal emptying of the stomach; (3) decreased gastric motility; and (4) 
esophageal regurgitation due to alteration of the esophagogastric anatomy as a 
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result of the sliding hiatal hernia. Nearly all of our patients received intensive 
hospital treatment for their hiatal hernia symptoms, and surgical repair was not 
entertained unless failure of medical management was obvious. 


TABLE III. COMPARISON OF ESOPHAGOSCOPY FINDINGS IN PATIENTS WITH AND 
WITHOUT ASSOCIATED LESIONS 











PATHOLOGY | ESOPHAGOSCOPY | ESOPHAGITIS — | PER CENT 
Hiatal hernia plus peptic ulcer 20 13 63.2 


Hiatal hernia alone 31 11 35.5 





Wangensteen and Leven”® feel that esophagitis is a manifestation of ulcer 
disease, and this is reiterated by Lindskog and Kline*® although the latter report 
only one duodenal ulcer case in 12 patients with associated peptic esophagitis 
and hiatal hernia. Winkelstein’s®® original description of peptic esophagitis in- 
eluded 4 patients (out of 5) having either a gastric or duodenal peptic ulcer. 
The esophagoscopic findings in our study (Table III), coupled with these and 
other earlier observations, demonstrate that, when a symptomatic hiatal hernia 
with gross esophagitis is being evaluated for surgical correction, attention must 
be directed toward a more intensive investigation of an associated peptic ulcer. 
This uleer will usually be duodenal in origin (Table I) but may be gastrie or 
both. 

The surgical treatment of these patients is often difficult and presents a 
real challenge if both lesions are to be corrected. When the patient with a 
symptomatic hiatal hernia and esophagitis has a simultaneous gastric or duodenal 
uleer which does not respond te adequate medical therapy, then surgical cor- 
rection of both lesions must be planned. There were a total of 32 patients under- 
going surgical repair (Table IV) on 48 different occasions (Table V). Since 
the majority of these patients had the peptie ulcer prior to the hernia correction 
(Table VI), the multiplicity of necessary operations would certainly seem to 
warrant a simultaneous attack. For this reason the advantages of trans- 
abdominal approach for repair of the hiatal hernia in patients with gastric or 
duodenal ulcer are obvious. The simple presence of peptic ulcer in association 
does not constitute a mandate for combined surgical repair unless it fails to 
respond to an adequate medical regimen or the other usual indications for 
surgical treatment are present. 

Multiple surgical procedures could not be done in every instance since 
these lesions may occur on separate occasions (Table VII), but in the majority 
of these cases the hiatal hernia was present when surgery was required for the 
gastric or duodenal ulcer. 

TABLE IV. SuRGIcAL DISPOSITION OF 33 PATIENTS WITH ASSOCIATED 
PEepTic ULCER AND HIATAL HERNIA 











TYPE REPAIR | NUMBER 
Combined ulcer and hernia repair 16 
Transthoracic hernia repair alone 9 
Both hernia and ulcer repair on separate occasions 7 
Diagnosis only—no surgery l 


Total 33 
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TABLE V. COMPILATION OF 48 OPERATIONS PERFORMED ON 32 PATIENTS WITH 
ASSOCIATED PEPTIC ULCER AND HIATAL HERNIA 








PROCEDURE | NUMBER 


Modified Allison repair or attempt 17 
Vagotomy and pyloroplasty with repair 
Excision of esophagogastrectomy stricture 
Subtotal resection, Billroth II, vagotomy 
Subtotal resection, Billroth II 

_ Pyloroplasty 

Vagotomy 

Subtotal resection, vagotomy, pyloroplasty 
Subtotal resection, Billroth I 

Subtotal resection, Billroth I, vagotomy 
Billroth II, vagotomy 


Total 
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TABLE VI. LESIONS APPEARING FIRST IN PATIENTS HAVING SURGICAL REPAIR FOR DIFFERENT 
LESIONS ON SEPARATE DATES 








LESION | NUMBER 





Hiatal hernia 
Peptic ulcer 
Simultaneous 
Total 
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TABLE VII. REASONS FoR No FuRTHER SuRGICAL TREATMENT IN PATIENTS WITH 
TRANSTHORACIC REPAIR ONLY 














REASON | NUMBER 
Asymptomatic or else controlled by rigid medical therapy 7 
Other—carcinoma of neck, ete. 2 
Total 9 


No effort was made to apply a specific rule to every case, but an attempt 
was made to “tailor” an operation to the patient’s needs. The transabdominal 
approach recommended itself for the following reasons: (1) associated disease 
can be attacked; (2) it facilitates a complete abdominal exploration; and (3) it 
avoids postoperative incisional pain. However, if no peptic uleer repair is 
contemplated then transthoracic repair has the following advantages: (1) ease 
of exposure, (2) less gastrointestinal irritation with subsequent disturbance in 
motility, and (3) earlier postoperative recovery. 


SUMMARY AND CONCLUSIONS 


1. The association of gastric or duodenal peptic ulcer with symptomatic 
hiatal hernia is probably more common than has been previously reported. 

2. If peptic esophagitis is seen during the preoperative work-up, an in- 
tensive effort should be made to rule out the presence of a gastric or duodenal 
peptic ulcer. 

3. Peptic esophagitis was nearly twice as frequent in these patients with 
an associated peptic ulcer lesion compared with those having a symptomatic 
hiatal hernia alone. 

4. The transabdominal approach offers the most satisfactory technique by 
which a simultaneous repair of associated lesions can be effected. 
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5. A combined ulcer and hernia repair should be considered seriously in 


any patient with a peptic ulcer since this may save multiple or further major 
operations at a time later. 


6. There is no evidence of cause and effect between these two lesions since 


either may precede the other. 


17. 
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TRAUMATIC RUPTURE OF THE DIAPHRAGM 
A Report oF 26 CASES 


THEODOR B. Grace, M.D., Luoyp D. MacLean, M.D., AND 
GILBERT S. CAMPBELL, M.D.,* St. PAUL AND MINNEAPOLIS, MINN. 


(From the Surgical Service, Ancker Hospital, St. Paul, and the Department of Surgery, 
University of Minnesota Medical School) 


RAUMATIC rupture of the diaphragm is usually the result of severe crush- 

ing injury most commonly sustained in a motor vehicle accident. Less 
frequent causes are direct injuries to the diaphragm by stab and bullet wounds. 
The present report summarizes all cases of diaphragmatic rupture seen at the 
University of Minnesota Hospitals, Minneapolis, and the Ancker Hospital, St. 
Paul, from Jan. 1, 1940, to Dee. 31, 1958. The patients seen at the County Hos- 
pital were admitted immediately following the accident, whereas most of the 
patients seen at the University Hespitals were admitted after a delay of from 
days to years following the accident. Sixteen patients were treated at the 
Ancker Hospital and 10 at the University Hospitals during this 18-year period. 
Three quarters of all patients were seen since 1952; one third were treated dur- 
ing 1958. 


HISTORICAL BACKGROUND 


A most complete discussion of this problem by Henry I. Bowditch? was 
serialized in the Buffalo Medical Journal during the year 1853. Bowditch is 
the first person in this country to make the diagnosis of rupture of the 
diaphragm ante mortem. He based the diagnosis on five clinical signs which 
are still extremely useful: (1) prominence and immobility of the left thorax, 
(2) changed position of the heart with displacement to the right, (3) absent 
breath sounds in the left chest, (4) abnormal gurgling bowel sounds in the left 
chest, and (5) tympany in the left lower chest on percussion. Bowditch recog- 
nized that patients could recover from the accident only to be fatally stricken 
months or years later from intestinal obstruction. This was the circumstance in 
one of the 2 cases reported by Ambroise Paré in 1579.5 His patient died of 
strangulating obstruction 8 months following the injury which undoubtedly 
caused the diaphragmatic rupture.’ Bowditch? credits Laennee with the sug- 
gestion that operative reduction of the herniated viscera should be attempted. 
Bardenheuer,: in 1879, performed a colostomy for acute intestinal obstruction 
on a patient who at autopsy, 2 days later, was found to have a diaphragmatic 
rupture with strangulation of the ineareerated colon. Riolfi,® in 1886, reported 
the suecessful repair of a laceration of the diaphragm due to a stab wound 
through which omentum had prolapsed. Naumann,’ in 1888, operated upon a 
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patient in whom the stomach had herniated into the left chest. He was unable 
to reduce the evisceration at operation and the patient died. Walker,’ in 1899, 
successfully repaired a tear of the diaphragm by the abdominal route in a pa- 
tient who was hit by a falling tree. He suggested at that time that laparotomy 
be performed for cases of recent origin and that a transpleural approach be 
used in eases of long standing. With the advent of roentgenology, preoperative 
diagnosis of ruptured diaphragm became more exact and surgical repair more 
frequently instituted. 

Four ease histories follow which attempt to illustrate that: (1) it is among 
patients sustaining multiple injuries that rupture of the diaphragm is most 
likely to occur, (2) it is under these circumstances that evidence is often ob- 
secured and difficult to interpret, (3) it is in these seriously ill patients that 
one is often wrongly dissuaded from early surgery for the ruptured diaphragm 
even if it is diagnosed, and (4) early surgical therapy, except in the most ex- 
tenuating circumstances, is the treatment of choice. 


CASE REPORT 


CASE 1.—L. W., A-225851. A 23-year-old man was admitted to Ancker Hospital on Nov. 
29, 1957, complaining of epigastric abdominal pain and difficulty in breathing following 
an automobile accident. Physical examination revealed a white man in severe distress 
with grunting, labored respiration, a blood pressure of 150/94 mm. Hg, and pulse rate 
of 120 per minute. Breath sounds were decreased over the entire left chest. There were 
boardlike abdominal rigidity and decreased bowel sounds. Laboratory examination re- 
vealed blood in the urine, A cystogram was negative. Chest x-ray films (Fig. 1, A and 
B) showed a high left diaphragm compatible with eventration or rupture of the diaphragm. 
Exploratory laparotomy was immediately performed and a 10 em. laceration of the left 
diaphragm, through which portions of the stomach and transverse colon had eviscerated, 
was found. The spleen was ruptured and there were several small lacerations of the liver 
and a large subserosal hemorrhage of the gall bladder. The abdominal viscera were re- 
placed into the abdominal cavity and the diaphragm repaired with interrupted mattress 
sutures of 2-0 silk. The spleen and gall bladder were removed, the chest was drained 
with 2 No. 28 straight catheters, and the splenic and gall-bladder beds were drained with 
Penrose drains. The patient made an uneventful postoperative recovery and was dis- 
charged on Dec. 16, 1957. Fig. 1, C is a chest roentgenogram made prior to discharge. 


Comment.—Laparotomy rather than thoracotomy was utilized in this patient because of 
the strong suspicion that abdominal visceral injury existed. Some observers have likened the 
repair of diaphragmatic rupture from the abdomen to shingling a roof from the attic. How 
ever, in the seriously ill patient, transabdominal repair can often be done with less difficulty 
to the patient than repair through a thoracic or a thoracoabdominal incision that would have 
been necessary to deal with the gall bladder in this patient. Prompt therapy quickly restored 
this patient to health and he has remained asymptomatic in the year since this accident. 


CasE 2.—J. J., UH 901541. This 66-year-old man was admitted to the University Hos- 
pitals on Aug. 1, 1956, 72 hours following an auto accident in which he sustained a com- 
pound fracture of the left femur, fractures of both patellae, the right scapula, and a fracture 
of the pelvis. A diagnosis of left hemopneumothorax had been made prior to admission 
and a chest tube had been inserted. This tube did not function satisfactorily, dyspnea 
became progressively more severe, and at the time of admission to the University Hospi- 
tals he was disoriented. On physical examination the trachea was markedly deviated to 
the right, the left chest was hyperresonant to percussion, and excursion was decreased. 
Heart sounds were best heard to the right of the sternum. Roentgen examination of 
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Fig. 1.—L. W., A-225851—Case 1. A, Chest film reveals “elevation” of left diaphragm 





with smooth contour characteristically seen after traumatic rupture.  B, Lateral decubitus 
film reveals an air fluid level in viscus in left chest. OC, Postoperative chest film showing nor- 
mal location of the repaired left diaphragm. 
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the chest on admission showed complete opacification of the left hemithorax. A 
thoracentesis was done and foul, green-brown fluid was removed from the chest. The 
patient was taken immediately to the operating room but died en route. MResuscitative 
measures were unsuccessful. Autopsy revealed the greater part of the stomach herniated 
through a 4 by 7 cm, rent in the left diaphragm which extended from the esophageal 
hiatus to the anterolateral aspect of the diaphragm. There were purulent adhesions over 
the entire left lung which was displaced into the upper portion of the left thorax. The 
chest cavity contained 200 ¢c.c. of blood, the stomach was strangulated, purple in color, and 
showed a perforation on the anterior surface. Microscopic examination of the stomach 
revealed extensive necrosis throughout all layers. 

Comment.—Delayed diagnosis and treatment in this patient resulted in his death. 
Strangulating obstruction is a most serious and quite common complication of traumatic 
rupture of the diaphragm and, as illustrated in this instance, can occur early. 
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Fig. 2.—W. R., UH 841464—Case 3. A, Admission chest film shows multiple loops of 
small bowel right lower chest. Note old rib fractures on the right. B, Flat film of the ab- 
domen demonstrates multiple fluid levels within the herniated small bowel. 


CasSE 3.—W. R., UH 841464. This 69-year-old carpenter was admitted to the Uni- 
versity Hospitals on Feb. 13, 1952, because of severe lower abdominal pain for 24 hours 
accompanied by nausea and vomiting. The pain was relieved when the patient sat up 
but was aggravated when he adopted the recumbent position. Past history revealed that 
approximately 3 years prior to admission he had fallen off a barn and sustained a frac- 
ture of the right shoulder and hip and three ribs on the right side. In the interim, the 
patient had had repeated attacks of crampy abdominal pain. On admission, the patient 
appeared acutely ill but had a normal blood pressure and temperature. The right chest 
was tympanitic to percussion and loud bowel sounds were heard high in the axilla, The 
lower abdomen was markedly tender and rigid, and a diagnosis of acute appendicitis was 
made. Roentgen examination of the chest showed numerous loops of small intestine in 
the lower half of the right thoracic cavity and shift of the cardiac shadow to the left 
(Fig. 2, 4 and B). In addition, healed fractures of the seventh, eighth, and ninth ribs 
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could be seen. The patient was operated upon through a right thoracoabdominal incision 
on the night of admission. A considerable portion of the small intestine, the gall bladder, 
and a large part of the right lobe of the liver had herniated through an 8 by 6 em. lacera- 
tion in the central tendon of the diaphragm. The mesentery of the small intestine was un- 
der tremendous tension, with numerous ecchymotic areas throughout the mesentery. This 
was believed to account for the extreme tenderness and rigidity which the patient dis- 
played in the lower abdomen prior to operation. The abdominal viscera were replaced 
and the diaphragm repaired. The patient was discharged well on Feb. 23, 1952, 10 days 
following admission. 


Comment.—Rupture of the right diaphragm is unusual. Only 10 cases were re- 
ported in the American literature up to 1953. A history of injury of sufficient magnitude to 
cause a diaphragmatic rupture was easily elicited from this patient as well as from the others 
reported here. Simple intestinal obstruction is a common sequela of untreated rupture 
of the diaphragm, 


CasE 4.—P. C., UH 871991. This 29-year-old man was admitted on June 23, 1954, 
following a motorcycle accident in which he sustained a fracture of the right humerus, 
multiple pelvic fractures, and lacerations of the buttocks and perineum, Chest x-ray 
at the time of admission showed some density at the extreme left base and obliteration 
of the costophrenic angle (Fig. 3, 4). A diagnosis of rupture of the diaphragm was not 
made. The patient was discharged on July 14, 1954. He re-entered the hospital 3 days later 
because of severe upper abdominal crampy pain accompanied by nausea and vomiting. The 
pain was relieved by assuming an upright position and was aggravated by deep inspiration. 
Examination of the left chest revealed dullness and diminished breath sounds. Abdominal 
examination showed generalized tenderness with rigidity. At this time, the chest x-ray 
showed increased density in the left costophrenic angle with multiple loops of small intestine 
with fluid levels, which were believed to reside within the left chest (Fig. 3, B). A barium 
swallow showed some deformity of the greater curvature of the stomach and the barium 
from the ligament of Treitz followed an upward course into the left chest, A barium 
enema revealed the splenic flexure in the left lower chest. On July 22, 1954, the patient 
was explored through a thoracic incision and a 7 em. tear in the left diaphragm, extend- 
ing from its attachment at the lateral wall of the chest toward the esophageal hiatus, 
was found. A considerable portion of the small bowel and colon was eviscerated 
through the diaphragmatic rupture. The abdominal viscera were replaced and the 
diaphragm repaired with interrupted silk sutures. The patient made an uneventful re- 
covery (Fig. 3, C). He was readmitted in August of the same year and reoperated upon 
for a strangulating internal hernia of the terminal ileum through a hole in the mesentery 
which was believed to have been the result of his original injury. The strangulated ileum 
was resected and an end-to-end ileoileostomy performed. The patient was discharged 
Aug. 14, 1954, and has remained well. 


Comment.—Initially, a portion of omentum may occlude a diaphragmatic rent and 
obseure the true diagnosis both clinically and radiologically. Increase of abdominal pres- 
sure by coughing and straining may force the abdominal contents into the chest. Repeat 
x-ray films will usually establish the correct diagnosis. This patient also illustrates the 
importance of careful abdominal exploration when repair of the ruptured diaphragm 
is performed solely through the chest. 


ANALYSIS OF ALL CASES 


During the period from 1940 to December, 1958, 26 patients with dia- 
phragmatie rupture were treated at both the Ancker Hospital, St. Paul, and the 
University of Minnesota Hospitals, Minneapolis. A summary of all patients 
appears in Table I, A, B, and C. Their age varied from 6 to 74 years, with 6 
patients under the age of 20. Two out of the 5 women in this group were 
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pregnant at the time of injury. The gestation period was 4 months in 1 and, 
in the other, 6 months. The fetus in both cases was undisturbed by the injury 
and both patients delivered normal infants at term. Repair in each was per- 
formed by the thoracie route without incident. 





C. 


Fig. 3.—P. C., UH 871991—Case 4. A, Chest film on first admission showed some density 
in the left costophrenic angle. Diagnosis of rupture of the diaphragm was not made during 
this admission. B, Chest film of the same patient on the second admission shows increased 
density in the left costophrenic angle and multiple loops of bowel with fluid levels in the left 
chest. C, Postoperative chest x-ray film. 
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Rupture of the diaphragm was produced by indirect violence in 21 pa- 
tients and by a direct penetrating injury, either a stab wound or gunshot 
wound, in 5. Blunt trauma causing the diaphragmatic tear was the result of 
a motor vehicle accident in 20 instances and fall from a height in 1. The left 
diaphragm was ruptured in 23 patients, the right in 2, and both the right and 
left diaphragm were ruptured in 1 patient. (The latter patient has been pre- 
viously reported.*) 

Nineteen patients were seen on the day of the accident. Of these, 4 died 
within 6 hours after admission to the hospital before operation was performed. 
Ten patients were operated upon within 48 hours after the accident. In 5 
patients, operation was delayed for from 3 weeks to 3 months. The remaining 
7 patients came to the hospital from 4 days to 6 years after the accident. 

Traumatie rupture of the diaphragm is frequently associated with injury 
to other organs and skeletal structures (Table I1). Only 2 patients of the 20 
in this series whose rupture was produced by blunt trauma sustained no injury 
to other organs. Fractures of the pelvis were seen most frequently. A frae- 
tured pelvis was found in over one half of the patients whose diaphragmatic 
tear was caused by blunt trauma. This common association has been useful 
in alerting our staffs to the possibility of diaphragmatic injury. 

The organs eviscerated into the chest cavity were stomach, colon, and small 
intestine in that order of frequency. As can be seen from Table III, the 
stomach had herniated into the chest in 19 patients, the colon in 10 patients, 
and the small intestine in 5. 


TABLE II, INJURIES ASSOCIATED WITH RUPTURE OF THE DIAPHRAGM 








Fractures 34 
Pelvis 12 
Extremity 11 
Rib 10 
Spine l 





Visceral Injuries 


Laceration 
Laceration 
Laceration 
Laceration 
Laceration 
Laceration 
Laceration 


of the 
of the 
of the 
of the 
of the 
of the 
of the 


spleen 
liver 
kidney 
stomach 
pancreas 
colon 
mesentery 


20 


Thoracic Visceral Injuries 3 
Contusion of the lung 3 
Severe Cerebral Injuries 





TABLE III. ORGANS EVISCERATED 








Stomach 

Stomach and omentum 

Stomach, omentum, and colon 
Stomach, omentum, colon, and spleen 





Stomach, omentum, 
Stomach, omentum, 
Stomach, omentum, 
Colon 

Colon and intestine 


colon, and intestine 
colon, and liver 
and spleen 


Liver, gall bladder, and intestine 


None 
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The diagnosis of traumatic rupture of the diaphragm is based on history, 
physical examination, and roentgen examination. There is invariably a his- 
tory of a serious accident which at times led to the death of other people. The 
five physical signs outlined by Bowditch in 1853 still remained extremely use- 
ful and one or more of these signs were found in all patients here reported. 
Serial x-rays of the chest were the single most important roentgenographic 
aid in the diagnosis of traumatic diaphragmatic rupture. In several patients 
who were seen late after the accident, special studies such as upper gastro- 
intestinal series (Fig. 4) and barium enemas were employed. The simple 
measure of passing a nasogastric tube made the diagnosis very simple in 2 
patients. In only one patient was recourse taken to pneumoperitoneum as a 
differential diagnostic aid to rule out eventration of the diaphragm. Serutiny 
of reports of single chest x-rays on patients with rupture of the diaphragm re- 
veals the following mistaken diagnoses: left lower lobe pneumonia, atelectasis 
of the left lung, pneumothorax, eventration of the diaphragm, obliteration of 
the costophrenie angle, deformity of the diaphragmatic contour, and lung eyst. 


Fig. 4.—S. S., UH 876143—Lateral view of gastrointestinal series on a 49-year-old man 
admitted with severe epigastric and left shoulder pain 3 weeks following a car collision. Note 
volvulus and herniation of stomach into left chest. 


A high frequency of serious complications arises in patients with dia- 
phragmatie rupture if not recognized and treated promptly. Delay in operative 
repair inereases the morbidity and mortality in these patients. Eleven of the 
12 patients who did not have immediate repair were symptomatic in the interim. 
Five patients had signs and symptoms of intermittent partial intestinal ob- 
struction. Two of these were mistakenly treated for peptie ulcer for a pro- 
longed period of time without improvement. Five patients developed complete 
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intestinal obstruction, with strangulation in one. Only one patient was asymp- 
tomatie as far as the history could be elicited from this extremely ill patient 
at the time of admission. The morbidity and mortality in patients whose treat- 
ment was delayed is summarized in Table IV. All patients who eventually 
underwent repair noted marked improvement or complete disappearance of 
the symptoms which had bothered them since the time of injury. 


TABLE IV. MoRBIDITY AND MORTALITY IN 12 PATIENTS IN WHOM TREATMENT WAS DELAYED 
FOR More THAN 48 Hours 








Symptomatic in interim 1] 
Intermittent partial intestinal obstruction 5 
Simple complete intestinal obstruction 4 
Strangulating obstruction 1 
Strangulation of omentum 1 
Thoracogastrie fistula ] 
Gastric hemorrhage 1 
Pneumonia and atelectasis 1 
Acute respiratory embarrassment 1 
Mortality F 





The over-all mortality rate in this group of 26 patients was 31 per cent 
(Table V). Four of the patients in this group died within 6 hours of injury 
of massive and multiple injuries and without surgical intervention. Of the 
remaining, 3 died as a direct result of delay in operative treatment. Death 
was caused by strangulating obstruction in one, complete intestinal obstruction 
in another, and severe pneumonia in the third. Of the 19 patients who came to 
operation, one patient died from postoperative aspiration. In this patient, a 
nasal tube for gastric decompression had not been inserted prior to surgery. 


TABLE V. MORTALITY IN PATIENTS WITH RUPTURE OF THE DIAPHRAGM 








Total Mortality 8 Cases = 31% 
Before operation 
After operation 1 

Cause of Death 





Multiple injuries and shock 4 
Strangulation and gangrene of stomach ] 
Complete small bowel obstruction 1 
Pneumonia and atelectasis 1 
Postoperative aspiration 1 
Total 8 7 
DISCUSSION 


Traumatie rupture of the diaphragm is being seen with increasing fre- 
quency. Bowditch,? in 1853, implicated the ‘‘drunken frolic’’ as a frequent 
predisposing factor. Today, a combination of the automobile and drunkenness 
appears to account for the increase in this form of injury. Traumatic rupture 
of the diaphragm occurs in patients with multiple injuries and it is under these 
circumstances that evidence is often obscured and difficult to interpret. It is in 
these seriously ill patients that one is often wrongly dissuaded from.surgery. 
The mortality rate is higher in patients in whom repair was delayed than in 
those patients who were operated upon within 6 to 48 hours after injury. 
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The experience reported here would indicate that it is quite rare for a 
patient to be asymptomatic after traumatic rupture of the diaphragm if this 
abnormality is not repaired, even though the patient may be well enough to 
leave the hospital. Late complications in patients with unrepaired rupture of 
the diaphragm are almost inevitable. 

All 3 incisions (abdominal, thoracic, thoracoabdominal) have been used 
to repair the diaphragm in this series of patients. The thoracic approach af- 
fords the best exposure for diaphragmatic repair but may be deficient, unless 
great care is taken, in exposing intra-abdominal injuries—for example, Case 4. 
The phrenic nerve was neither crushed nor divided in this group of patients. 


Closure was accomplished without pericardial or other forms of graft and 
there were no late recurrences. 


SUMMARY AND CONCLUSIONS 


Twenty-six cases of traumatic rupture of the diaphragm are reported from 
the University of Minnesota Hospitals, Minneapolis, and the Ancker Hespital, 
St. Paul, which were seen from 1940 to December, 1958. Three quarters of the 
patients were seen since 1952. 

Blunt trauma, most frequently associated with pelvie fracture, accounted 
for rupture of the diaphragm in 21 of the 26 patients. 

Rupture of the left diaphragm occurred in 23 instances, right diaphragm 
twice, and bilateral diaphragmatic rupture occurred once. 

The diagnosis of diaphragmatic rupture depends upon the history of 
severe injury usually sustained in an automobile accident. The five physical 
signs first outlined by Bowditch in 1853 are extremely useful. The use of 
seria] roentgenograms of the chest, gastrointestinal series, barium enema, roent- 
genograms of the chest after insertion of an opaque nasogastric tube, alone or 
in combination, usually establishes the diagnosis. 

Delay in repairing the diaphragmatic rupture markedly increases the 
morbidity and mortality. 
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GASTRIC CONTROL OF PANCREATIC SECRETION 
AN EXPERIMENTAL STUDY 
JoHN Hupock, M.D., AND WALTER LAWRENCE, JR., M.D., New York, N. Y. 


(From the Andre and Bella Meyer Laboratories of the Division of Experimental Surgery, 
‘The Sloan-Kettering Institute, and the Department of Surgery, Memorial Center) 


T HAS been observed clinically that patients subjected to total gastrectomy 

are much more of a nutritional problem than those subjected to subtotal 
gastrectomy, even when there is only a very small gastric remnant. The com- 
plete absence of hydrochloric acid may be the primary reason for this difference 
noted after total gastrectomy. Metabolic balance studies on gastrectomized 
patients give some support to this. We have found definite improvement in 
postgastrectomy fat absorption defects when hydrochloric acid is administered 
prior to meals.* However, it has also been suggested that the remaining gastric 
tissue may have some endocrine function affecting nutrition.t If so, a pos- 
sible mechanism might be through an effect on pancreatic juice secretion by 
means other than the secretin mechanism. 

Ivy* has deseribed experiments in which he measured the duodenal juice 
production of a dog with a total gastric pouch. The secretions collected by an 
oral tube passed through the esophagoduodenostomy were measured before and 
after introduction of fat or meat extract into the gastric pouch. No augmenta- 
tion of duodenal flow occurred but the fluid volumes obtained, although incom- 
plete, were much larger than the basal pancreatic flow usually observed in dogs. 
It seemed quite possible to us that definite changes in the flow of pancreatic 
juice could have occurred without being apparent in these large collections of 
juice from a catheter in the upper small intestine. 

The experiments reported herein were carried out in an attempt to demon- 
strate, if present, a gastric endocrine control mechanism for external pancreatic 
secretion. Various substances were introduced into denervated gastric 
pouches and the isolated total stomach in dogs to determine the effects on the 
flow rate and the character of pancreatic juice. 


METHODS 


Pancreatic Duct Cannulation.—For all these experiments on dogs, pan- 
ereatie juice was collected by a fine glass cannula introduced into the main 
pancreatic duct through a large Thomas® duodenal cannula (as modified by 
Seott and his associates’). The large cannula was placed surgically into the 
duodenum at a point opposite the orifice of the major panereatie duct. At the 
time of laparotomy for this purpose, the minor pancreatic duct was ligated at 
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the point where it normally enters the common bile duct. Until complete re- 
covery, or when an experiment was not in progress, a threaded obturator was 
placed in the external opening of the duodenal cannula. Gastrointestinal 
function was thereby undisturbed, and there were no fluid losses except during 
short experimental periods. 


Gastric Preparations.—F or the experiments described, 3 dogs with Thomas 
cannulae were reoperated upon and an isolated, denervated pouch was con- 
structed from the distal third of the stomach. The line of division on the lesser 
curvature of the stomach was 10 em. from the pylorus. A gastrojejunostomy 
was constructed to re-establish continuity of the intestinal tract and the 
duodenal stump was closed. The pH of the secretions from these pouches was 
always in the range of 6 to 7. In addition to these three preparations, 2 dogs 
with duodenal cannulae were subjected to tube gastrostomy near the pylorus, 
with a cannula similar to that used in the duodenum. When not in use, the 
cannula was occluded, but during the experiments described, the lumen of 
the gastric cannula was used for the passage of a Foley balloon catheter into 
the pyloric canal. The pylorus was obstructed only during the course of the 
experiment and the stomach was then used as an innervated ‘‘total gastric 
pouch”’ into which various substances were introduced by tube. A period of 
4 weeks following surgery was allowed before carrying out the experiments 
deseribed. 


COLLECTION OF PANCREATIC JUICE COLLECTION OF PANCREATIC JUICE 
FROM MAIN PANCREATIC DUCT FROM MAIN PANCREATIC DUCT 
Fig. 1. Fig. 2. 


Fig. 1.—Collection of pancreatic juice in dog with denervated gastric antral pouch. 


Fig. 2.—Collection of pancreatic juice during introduction of test substances into a 
gastrostomy. The pylorus is occluded by balloon catheter introduced through gastrostomy. 


Procedure.—The experiments were carried out with the dog upright and 
comfortable in a Pavlov frame. All dogs were fasted 24 to 36 hours before the 
experiments. The cannulation of the pancreatic duct was limited to weekly 
intervals for each dog to minimize the hazard of infection. After a control 
collection of pancreatic juice for 30 minutes, the substances utilized in these 
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studies were introduced into the antral pouch or the isolated stomach with a 
Foley catheter. The relaxed volume of the antral pouches was 40 to 60 «e.c., 
and care was taken to prevent distention of the pouch with the test substance. 
Pancreatic juice was again collected during a 30-minute test period. The 
pouch was then irrigated with water to remove the test substance and collee- 
tion was continued for 30 minutes more. Careful measurement of the rate of 
flow was made through each phase of the experiment. Lipase or amylase 
determinations were carried out on each specimen in seven experiments, using 
the method of Teller’? for lipase and that of Goldstein and co-workers’ for 
amylase. The following substances were introduced into the gastric pouch 
or isolated stomach: distilled water, emulsified fat solution (oral Lipomul, 
15 per cent), amino acid hydrolysate (Parenamine, 15 per cent), protein sus- 
pension (Somagen), beef broth, hypertonic glucose and sucrose (each 50 per 
cent), ethyl aleohol (50 per cent), sodium bicarbonate (5 per cent), and 
0.1 N hydrochloric acid solution. 


RESULTS 


The 5 dogs utilized in this study were in excellent general health through- 
out the course of these experiments. Thirty-one separate studies were per- 
formed to evaluate the pancreatic effect of exposure of the gastric mucosa to 
the three major foodstuffs (17 experiments) as well as water, HCl, NaHCO,, 
and aleohol (14 experiments). The results, in terms of pancreatic flow rate, 
before and after introduction of the test substances in the gastric antral pouch 
and “isolated stomach” are shown in detail in Tables I and II. The rate of 


TABLE I. PANCREATIC SECRETORY RATE BEFORE AND AFTER INTRODUCTION OF VARIOUS 
SUBSTANCES INTO DENERVATED ANTRAL POUCH 








PANCREATIC SECRETION 
(c.c./30 MIN.) 
DOG CONTROL | TEST SUBSTANCE 
TEST SUBSTANCE NUMBER PERIOD IN POUCH 


Fat (Lipomul) 743 2.2 

852 1.0 

743 2.0 

909 1.6 

743 2 

Protein (Somagen) 743 m9) 

909 8 

Amino acid hydrolysate © 743 

(Parenamine) 909 
Carbohydrate 

(50% dextrose ) 909 

(50% sucrose) 743 

Ethyl aleohol (50%) 852 

909 

0.1 N HCl 743 

743 

852 

909 

743 

NaHCO, (5%) 909 

852 

Water 743 

Distention (Air) 852 
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TABLE II. PANCREATIC SECRETORY RATE BEFORE AND AFTER INTRODUCTION OF VARIOUS 
SUBSTANCES INTO INNERVATED ISOLATED TOTAL STOMACH 








(c.c./30 MIN.) 
DOG CONTROL TEST SUBSTANCE 
TEST SUBSTANCE NUMBER PERIOD IN STOMACH 


Fat (Lipomul) 944 
918 

Protein (beef broth) 918 
Amino acid hydrolysate 944 
(Parenamine) 918 
Carbohydrate (50% dextrose) 918 
Ethyl aleohol (50%) 944 
0.1 N HCl 944 
918 

Water 944 
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flow is expressed in milliliters per 30 minutes and basal flow in the control 
periods was in the range of 2 ml. per 30 minutes. We interpreted this flow rate 
as the normal level for unstimulated pancreatic secretion, and this agrees with 
the observations of Hollander.* Inspection of the data reveals the fact that 
none of the test substances placed in the isolated stomachs or gastric pouches 
either augmented or decreased the rate of pancreatic flow significantly. The 
mean values for volume before and after each test substance are summarized 
in Table III. The range of difference between control and experimental 
periods is also shown and it is readily apparent that no significant change in 
flow occurred with any substance. 


TABLE III. MEAN CHANGES IN PANCREATIC SECRETION WITH GASTRIC “STIMULATION” 








MEAN PANCREATIC SECRETION 
(c.c./30 MIN.) RANGE OF 
TEST INDIVIDUAL 
NUMBER OF CONTROL SUBSTANCE CHANGE 
TEST SUBSTANCE EXPERIMENTS PERIOD IN POUCH (c.c./30 MIN.) 
Fat 7 1.60 1.70 -0.4 to +0.4 
Protein and amino acids 1.17 1.10 -0.6 to +0.2 


Carbohydrate (50%) 1.03 0.80 -0.4 to -0.1 
HCl (0.1 N) 1.10 1.17 -0.3 to +0.4 


NaHCO, (5%) 0.93 1.07 +0.2 
Aleohol (50%) 1.17 1.40 +0.1 to +0.4 














The pancreatic lipase and amylase concentrations before and after intro- 
duction of five different test substances are shown in Table IV. There was no 
change in these enzyme concentrations following introduction of the substances 
tested. We were unable therefore to demonstrate any evidence for pancreatic 
stimulation after exposure of the gastric mucosa to these various substances. 
The panereas of all preparations did respond to the introduction of 15 e.e. 
0.1 N hydrochloric acid into the duodenum, however. <A typical secretin 
response occurred in 15 such experiments, yielding 5 to 14 «.. of pancreatic 
juice over a 20- to 30-minute period. Further evidence that lack of response 
in the experiments described was not due to a defect in the pancreatic tissue 
was the normal histologic appearance of the pancreas in the 3 dogs that were 
later subjected to autopsy. 
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TABLE IV. PANCREATIC LIPASE AND AMYLASE BEFORE AND AFTER INTRODUCTION OF VARIOUS 
SUBSTANCES INTO DENERVATED ANTRAL POUCH OR ISOLATED TOTAL STOMACH 








PANCREATIC LIPASE | | PANCREATIC AMYLASE 
(UNITS/C.C. ) | (UNITS/C.C. ) 
- = | 
| 





DOG CONTROL | WITH TEST 
TEST SUBSTANCE NUMBER PERIOD | SUBSTANCE 


Fat (Lipomul) 743 47.2 49.2 968 930 
743 24.7 23.5 
Protein (beef broth) 918 23.3 20.9 
Amino acid hydrolysate 
(Parenamine) 944 24.7 
Ethyl aleohol (50%) 852 52.9 
0.1 N HCl 743 53.0 
909 53.6 
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DISCUSSION 


The control of pancreatic secretion can be divided into two major phases 
with reference to the mechanism for stimulation. The first control mechanism 
is by way of the vagus innervation of the pancreas, and the second, more 
potent, phase is the classic secretin response. The experimental preparation 
used in these studies did not eliminate the possibility of a secretin response oe- 
curring during our experiments. Duodenum or jejunum could have been stimu- 
lated to produce secretin in these dogs if sufficient hydrochloric acid passed 
through the stoma of the gastroenterostomy or past the occluding pyloric 
balloon. This consideration can be ignored, however, in view of the lack of 
pancreatic response in any of these experiments when test substances were 
placed in the pouch or isolated stomach. The ability of the pancreas in these 
dogs to respond to endogenous secretin stimulation was demonstrated on 
multiple occasions, however. 

Our results support the original contention of Ivy* that there is no gastric 
phase of external pancreatic secretion. This is based on measurement of 
external pancreatic secretion only, rather than total duodenal juice collections. 
The clinical observation that patients with subtotal gastrectomy are nutritionally 
superior to patients with total gastrectomy could still be related to some other 
endocrine function of the gastric remnant. Our original hypothesis that this 
alleged clinical difference was partially due to a gastric hormone affecting pan- 
ereatie secretion is not acceptable on the basis of these studies. 


SUMMARY 


An attempt was made to demonstrate a gastric hormone that might affect 
external pancreatic secretion. Experiments were carried out by means of direct 
cannulation of the pancreatic duct in dogs. Test substances were introduced 
into a gastrie pouch or isolated stomach and the effect on external pancreatic 
secretion was studied. There was no pancreatic response with any of the test 
substanees used (fat, protein, amino acids, carbohydrate, aleohol, sodium 
bicarbonate, or hydrochloric acid). We were unable to demonstrate any 
evidence to support the concept of a gastric phase to pancreatic secretion. 
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THE EFFECT OF SEROSAL APPLICATION OF SEROTONIN ON 
INTESTINAL MOTILITY 
Ricuarp S. O’Hara, M.D., anp Jack W. Cote, M.D., CLEVELAND, OHIO 


(From the Department of Surgery, Western Reserve University, and University Hospitals of 
Cleveland) 







EROTONIN (5-hydroxytryptamine or 5-HT) is found primarily in brain, 
blood platelets, and gastrointestinal mucosa* where it is believed to be pro- 
duced by the argentaffin cells.t Serotonin is known to cause isolated strips of in- 
testine® to contract and to produce increased motility in dogs in vivo.® It is 
produced in excess quantities in malignant ecareinoid.t° Although much work 
has been done in an attempt to establish a physiologic role for this substance in 
intestinal motility, this still remains obscure. Bulbring? found that, in isolated 
guinea pig ileum, serotonin applied in vitro to the mucosa stimulated peristalsis 
and that, when applied to the serosa, low concentrations inhibited and high 
concentrations abolished peristalsis. However, this was not reproducible with 
rabbit jejunum, and it was suggested that the discrepancy might be due to 
species variation. 
Accordingly, this study was designed to investigate the effect of the serosal 
application of serotonin on canine ileum and human ileum in vivo. 


















METHODS AND MATERIALS 







Healthy mongrel dogs were anesthetized with intravenous Nembutal (30 mg. 
per kilogram). At laparotomy the distal ileum was identified and a 20 em. 
segment was isolated by transsection. The mesentery remained intact. Through 
the proximal lumen a small balloon was inserted which was connected to a water 
manometer and direct writing device. Continuous recordings of intraluminal 
pressures were obtained on a kymograph. A small No. 18 polyethylene catheter 
was also introduced through the proximal lumen for intraluminal administration 
of test drugs (Fig. 1). Ten experiments were performed with the serosal 
application of serotonin 10 mg. In 3 it was instilled intraluminally and 3 
intravenously. 

To see if this increase in motility by the serosal application of serotonin was 
propulsive, eight experiments were performed using two identical 30 em. loops 
of ileum. A barium-food mixture was placed in the proximal of each segment. 
Upon the serosa of one, serotonin, 10° mg., was applied. The control loop had 
saline applied. Serial x-ray films were taken to check the progress of the 
barium-food mixture. 

Gastrointestinal transit times were performed in 5 human volunteers on 
consecutive days. On 2 successive days, and under identical conditions of 
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fasting and physical exercise, the volunteers received intravenously 250 c.c. of 
normal saline as a control. The following days a similar volume of saline to 
which serotonin had been added was administered. Serotonin was infused at the 
rate of 1 to 17 mg. per hour. The progress of the barium along the intestinal 
tract was recorded radiographically. Serial x-ray films were taken every 15 to 
30 minutes and times recorded for the barium to pass from the stomach to the 
ileocecal region. 

Two human beings undergoing an elective laparotomy had _ serotonin, 
10° mg., applied serosally, mucosally, and intra-arterially. Intestinal activity 


was recorded by motion picture. 


0NT 


Fig. 1—Diagram of the apparatus employed for recording intestinal motility and method used 
for intraluminal instillation of test drugs. 


nN 





. 
5HT 10-9 


Fig. 2.—Kymograph record of the intestinal motility produced by the serosal application of 
5-HT (10-% mg./c.c.) to dog ileum. 


RESULTS 


Serotonin, 10°? mg., applied to the serosa stimulated motility in 9 of 10 dogs 
tested. This response occurred 45 to 90 seconds after application and persisted 
3 to 8 minutes. Control studies using normal saline had no demonstrable effect 
(Fig. 2). 

A similar response was obtained in all 3 dogs tested by the mucosal applica- 
tion and intravenous administration of serotonin, 10° mg. 
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In the eight experiments using the barium-food mixture on consecutive, 
isolated loops of dog ileum invivo, peristalsis was neither augmented uor in- 
hibited as measured by serial roentgenograms. We did note, however, that 
serosal serotonin did cause shortening of the loop to which it was applied. 
Transit times on human beings with intravenous serotonin and with normal 
saline are recorded in Table I. 














TABLE I. TRANSIT TIMES 





250 c.c. NORMAL 























250 c.c. NORMAL SALINE AND SERO- | 
SUBJECT SALINE (MIN.) | TONIN (MIN.) DOSE OF SEROTONIN 
| ee A 140 135 1.2 mg. 
R. T 140 115 5.0 mg. 
Ww. C 170 165 5.0 mg. 
N. K 115 100 15.0 mg. 
W. R 180 165 17.0 mg. 



















Although a somewhat shorter transit time is noted in the series with 
serotonin, the differences are not considered significant and probably within the 
error of the method. 

In the 2 human beings at laparotomy, under general inhalation anesthesia 
with atropine and barbiturate premedication, similar responses to those found 
in the dog were noted by the various methods of application. There was a 
marked inerease in motor activity. 












DISCUSSION 






The serosal application of serotonin, 10°? mg., is a potent stimulus to in- 
testinal motility in dogs and human beings. We elected the word ‘‘motility”’ 
rather than pressure at the admonition of Brody and Quigley’ who point out 
that a large volume/pressure coefficient, such as with the water manometer, 
records a complex of pressure and volume changes and bears no constant rela- 
tionship to pressure. This serosal effect is reproducible by the mucosal and 
intravascular application of serotonin (10°? mg.) both in dogs and human 










beings. 

Hendrix* demonstrated in 26 of 37 human volunteers that intestinal tone 
rose after 1 to 3 mg. of serotonin given intravenously. However, in 12 volun- 
teers, there was no change after the intraluminal application of 4 to 30 mg. of 
serotonin into the jejunum. Haverback’ demonstrated that both subeutaneous 
and intravenous serotonin, 0.01 to 0.08 mg. per kilogram per minute, stimulated 
jejunal motility in dogs, and that this was not abolished by atropine, anti- 
histaminies, or ganglionic blockage. 

An analysis of Bulbring’s? recordings indicates that the serosal application 
of serotonin causes a cessation of peristalsis and motor activity in isolated 













guinea pig ileum. 
Many factors such as anethesia, in vivo versus in vitro techniques, method 
of application, and different species could explain the variable results obtained. 
As a result of our experiments, however, we are able to assert that 
serotonin causes a definite increase in dog and human intestinal motility when 
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applied intravascularly, to the serosa, and to the mucosa. We were unable to 
demonstrate either augmentation or inhibition of peristalsis by radiographic 
contrast techniques. However, we did show that the serosal application of 
serotonin 10-* mg. causes not only an inerease in motility but marked shortening 
of a loop of dog ileum in vivo. This element of shortening may well play a role 
in intestinal peristalsis. 

Since as much as two thirds of the circulating serotonin® may be degraded 
in a single passage through the pulmonary circulation, it is most likely in our 
human transit times that an ineffective concentration of serotonin was reaching 
the gastrointestinal tract. 

The disparity of our results after intraluminal serotonin with those of 
Hendrix awaits clarification. Such factors as dosage and anesthesia may be 
contributory. 

SUMMARY 


1. The serosal application of serotonin (10° mg.) causes a marked increase 
in intestinal motility in the dog ileum and human ileum as observed at the time 


of laparotomy. 
2. This increase in motility is also demonstrable after the mucosal and 


intravascular administration of serotonin, 10°° mg. 

3. Serosal serotonin (10°* mg.) causes marked shortening of an isolated loop 
of dog ileum in vivo. 

4. We were unable to demonstrate either augmentation or inhibition of 
peristalsis by the serosal application of serotonin, 10°? mg., in dogs or in in- 


travenous administration in human beings. 
The authors are grateful to Miss Anne McKalen for technical assistance. 
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OBSERVATIONS OF THE CARDIOVASCULAR SYSTEM IN 
EXPERIMENTAL TRAUMATIC SHOCK 


II. THe NATURE OF THE ‘‘ WouND FAcTOR’’ 


Henry M. Wise, JR., Captain, MC, USA,* Doueuas LiInpsEy, LIEUTENANT 
CoLONEL, MC, USA, anp ALBertT T. KNeEcuHT, JR., First LIEUTENANT, CMLC, 
USA,** Army CHEMICAL CENTER, Mp. 


(From the Biophysics Division, Directorate of Medical Research, Chemical Warfare Labora 
tories) 


ep the standardization in these laboratories by Ochsner and co-workers,*® 
of an experimental wound preparation in goats, the prime objective of 
further investigations has been to define the mechanism of death. The wounds 
are massive hindquarter injuries which prove uniformly lethal unless prompt 
débridement is performed. Untreated animals survive for a mean time of 
approximately 20 hours. The survival time can be markedly prolonged by 
suitable antibiotic therapy, simple local wound treatment, or by transfusion of 
whole blood.** Prolongation of survival time in antibiotic-treated animals has 
been shown to be associated with depression of gram-positive flora in the 
wound.’” More specifically, the pathogenic clostridia appear implicated as the 
prime offending organisms in the wound and the cumulative ‘‘dose’’ of clos- 
tridia (concentration x time) appears to be a determinant of survival time." 
Other investigations have evaluated the changes in serum electrolytes,® electro- 
phoretie pattern of the plasma proteins,> and liver function in the course of 
the postinjury survival of untreated as well as penicillin-treated animals.”° 

Observations of the respiratory and cardiovascular response of the un- 
treated and penicillin-treated injured animals have been reported.** In both 
groups of animals there is characteristically a progressive reduction in circulat- 
ing blood volume and a progressive clostridial infection. Penicillin treatment 
does not completely abolish the infection, but the effect of penicillin in delaying 
the rate of clostridial proliferation in the wound is marked. The addition of 
penicillin treatment is the introduction of a potent variable, and permits 
physiologic study of the animals under different conditions. 

The circulatory response was the development of profound shock. ‘The 
reduction in mean arterial pressure, cardiae output, and stroke volume was 
similar. Mean peripheral resistance initially rose in both groups. It remained 
elevated until the agonal state in the untreated animals. In the penicillin- 
treated group it fell toward the control value after the initial rise. Rates of 
change of these indices, however, gave no indication as to the length of time an 
animal was to survive. In both untreated and penicillin-treated animals, there 
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was found a respiratory alkalosis associated with hyperventilation. Because of 
these marked similarities in the two groups, it was concluded that the physiologic 
action of clostridial infection in the wound could not be partitioned from the 
action of the loss of blood by these methods. Both were effective in promoting 
and sustaining shock. The rate of reduction in circulating blood volume was 
unique among the many parameters observed, as it was proportional to survival 
time. In the limited group of animals observed, it was found that as death 
approached, no matter how long the survival, the blood volume per square 
meter of body surface area appeared to decrease to approximately the same 
value. 

To explore the relationship of reduction in circulating blood volume, clos- 
tridial infection in the wound, and the survival time after injury, these further 
experiments were performed. 


METHODS 


Texas Angora goats (castrated males) were anesthetized with pentobarbital 
sodium (10 to 12 mg. per kilogram) and subjected to a standard bilateral hind 
leg injury.¢ The resulting wounds involved massive destruction of the muscle 
mass of the posterior portions of the legs, comminuted fractures of both femurs, 
and severance of the major blood vessels in the thighs. Immediately after 
injury, the bleeding vessels were clamped and a clean, but not strile, gauze 
dressing loosely applied. The animals were then placed in a restrained prone 
position on carts and the postinjury survival time noted. 

Two groups of animals were observed. The first group consisted of 28 
animals subjected to the standard injury and given no specific therapy. The 
second group was composed of 31 animals, similarly injured, but given large 
doses of penicillin. Each animal in this series received 300,000 units of pro- 
eaine penicillin G and 1,000,000 units of erystalline penicillin G potassium 
intramuscularly one hour before injury, immediately after injury, and every 
8 hours thereafter, until death. 

Blood volumes were estimated by use of Cr*1-labeled erythrocytes. Epineph- 
rine (0.5 mg.) was administered with the radioactive test substance to con- 
tract the spleen; this eliminated distortion in the estimated volume resulting 
from alteration in hematocrit produced by this organ.1. A standard dilution 
period of 15 minutes was used, during which time samples were obtained at 
5, 10, and 15 minutes after injection. The hematocrit was corrected for trapped 
plasma by using the factor of 0.81 as derived by Klement® for this species of 
animal. Correction of body hematocrit/venous hematocrit factor was not made. 
Blood volume was estimated by this method immediately before injury and 8 
hours after injury. Comparison between the survival time and the percentage 
reduction in estimated volume over this 8-hour period was then made. A few 
animals, both treated and untreated, died before the 8-hour observational period 
had elapsed, and were therefore not included in the experimental groups. 

The number of pathogenic clostridia per milliliter of wound exudate was 
estimated 9 hours after injury in 18 untreated animals and 23 animals treated 
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with penicillin. Because of occasional difficulty in coordinating the blood 
volume studies and the bacteriologic determinations, there were several animals 
on which simultaneous observations were not made. For this reason, the data 
for clostridial estimation include fewer animals than the data for blood volume 
determination. Standard swab samples of the exudate were diluted, streaked 
on blood-azide-egg-yolk-agar plates, and the concentration of clostridia estimated 
by methods deseribed elsewhere.* The estimates were made to the nearest whole 
or half log,, over a range of <10* to >10*° clostridia per milliliter. Plates 
showing less than an estimated 10° organisms per milliliter were arbitrarily 
considered as having a concentration of 107. 
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Fig. 1.—Relation of survival time to per cent reduction in blood volume in the first 8 hours 
after injury. The mean linear regressions for untreated and penicillin-treated animals are 
bounded by the standard errors of the estimates. 


RESULTS 


The relationship between the reduction in estimated blood volume 8 hours 
after injury and the ultimate survival time is illustrated in Fig. 1. The data 
for percentage reduction in blood volume, when plotted against the survival 
time after injury, form two distinct negative linear regressions. In the un- 
treated group of 28 animals, the mean regression line obtained by the method 
of least squares had the formula: Survival Time — 30.6 — 0.311 (per cent fall 
in blood volume). The correlation coefficient of this group was —0.597, with a 
statistical significance of P <0.001. By the same method, a regression for the 
group of 31 penicillin-treated injured animals was obtained with the formula: 
Survival Time = 69.6 — 0.904 (per cent fall in blood volume). The correlation 
coefficient of this group was -0.516, with a statistical significance of P <0.01. 
Each regression line in Fig. 1 is enclosed by borders representing the standard 
errors of the estimate. The deviations from the mean of data from the penicil- 
lin-treated animals are much greater than those from the untreated group. The 
figure indicates that a reduction in blood volume, within 8 hours of injury, of 
a magnitude greater than 30 per cent of the original volume is associated with 
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no appreciable increase in survival time of the antibiotic-treated animals over 
that of the untreated controls. Thus, the beneficial action of penicillin appears 
contingent upon conservation of blood volume. When the blood volume reduc- 
tion is less than 30 per cent, a pronounced prolongation of survival time results 
from the use of penicillin. By extrapolation, if blood volume were maintained 
at a normal level after injury by transfusion of whole blood, the animals not 
given penicillin could be expected to survive approximately 31 hours. Trans- 
fused animals given penicillin would be expected to survive approximately 70 
hours. However, the marked seatter in results presented in this figure indicates 
that reduction in blood volume is not the only variable that determines survival 


time after injury. 
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Fig. 2.—Relation of estimated concentration of clostridia in wound exudate to survival time. 


A second variable influencing survival time appears to be the presence of 
pathogenic clostridia. The bacterial estimate of clostridia in the wound compared 
with the survival times of these 41 animals is illustrated in Fig. 2. It is apparent 
that the penicillin-treated animals had a lower concentration of clostridia in the 
wound exudate than did the animals not given penicillin. However, this only 
confirms what is already common knowledge: pathogenic clostridia are generally 
inhibited by adequate levels of penicillin. The mean log, estimate of the un- 
treated group was 5.9+1.3 (S.D.) per milliliter of wound exudate. That of the 
penicillin-treated group was 3.3+1.7 (S.D.) organisms. The lack of correlation 
between the number of these organisms and the survival time of an individual 
animal is striking, and has been noted in other studies in these laboratories. 
Penicillin-treated animals tend generally to have a longer survival time than 
untreated animals and a lower bacterial concentration. Correlation coefficients 
for this relationship are not statistically significant, however. 

By multiplying the percentage reduction in estimated blood volume in the 
first 8 hours after injury, by the log.) estimate of pathogenic clostridia per 
milliliter of wound exudate at 9 hours after injury, a value is obtained which 
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we have chosen to eall the ‘‘wound factor.’’ The survival time of the 41 animals 
used both for blood volume determinations and for bacteriologic study is shown 
on Fig. 3, plotted against the ‘‘wound factor’’ (W). A hyperbolic regression 
line is obtained by the method of least squares having the formula: Survival 


' 1 bs 
Time = kw where k = 2.7 x 10°*, and W represents ‘‘wound factor 


units. A correlation coefficient of 0.674 is obtained for this curve, with a signifi- 
eanee of P <0.001. Since both groups of animals follow this curve, it appears 
that the two variables considered in these experiments are synergistic. If the 
wound factor is reduced, either by reduction in blood volume deficit or by 
decrease in clostridial count, then survival is prolonged. As the product of these 
two variables approaches zero, then a longer survival can be expected. The 
correlation coefficient for this curve is greater than that obtained for the correla- 
tion of blood volume reduction with survival so that the ‘‘wound factor’’ 
determined early after injury offers greater predictability of the ultimate sur- 
vival time of the injured animals, regardless of treatment. 
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Fig. 3.—Relation of product of factors of blood loss and clostridial infection to survival time. 
DISCUSSION 


The measurement of the volume of circulating blood after large hemorrhage 
is subject to certain inaccuracies which should be defined. Normally, the mixing 
of a sample of labeled erythrocytes with the total blood volume takes place in 
a very few minutes. After hemorrhage, there is a marked delay in complete 
mixing of the standard labeled test substance with the total volume for as long 
as 2 hours.’ This delay is caused by the trapping of both red blood cells’ and 
plasma‘ in certain stagnant pools. In the wound preparation used in these 
experiments, the allowed dilution time was 15 minutes, during which a total 
of three samples were obtained for counting. Therefore, the estimates of blood 
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volume must be considered to have represented effective circulating blood volume 
rather than the total volume in the body. If pools of blood were not exchanged 
with the general circulation within a period of 15 minutes, then they must be of 
little value in meeting the metabolic demands of the shocked animal. 

The reduction of circulating blood volume after injury is considered pri- 
marily a loss of blood into the area of injured tissue. Although there may be some 
entrapment of blood in stagnant pools, it is felt that reduction due to this factor 
must be rather small. At the time of injury, before major vessels could be 
clamped, there was an average loss of blood of 153 ml. among the 59 animals. 
The major portion of the lost blood is resumed to have been separated from the 
circulating volume either by external oozing or by leakage into the damaged 
area. Using tagged erythrocytes to measure the blood volume requires deter- 
mination of venous hematocrit to caleulate total volume. Since the body hemato- 
erit is less. than venous hematocrit, the blood volume estimation of use of only 
labeled erythrocytes is somewhat less than the true value. However, the body 
hematocrit/venous hematocrit ratio does not change after hemorrhage,® so that 
Ci ein al Normal vol. — Postinjury vol. : 

Normal vol. 
of reduction in blood volume during the period of observation. 

What does the reduction of blood volume represent in these animals? There 
is no manifest difference between the loss in penicillin-treated animals as com- 
pared with untreated animals. Thus, within this 8-hour period it cannot be stated 
that infection is responsible for any major portion of this reduction. For pur- 
poses of analysis, the two factors active in this preparation ean be partitioned into 
the blast injury and the superimposed infection. It appears that reduction in 
blood volume within an 8-hour period represents a feature caused by the injury 
per se. The variation of blood loss among individual animals may represent a 
combination of both the physical differences in tissue destruction with subsequent 
blood loss and the varying ability to compensate for the loss by physiologic blood 
volume replacement. Evidence has been presented that at a time just prior to 
death the blood volume of animals, regardless of survival, is reduced to approx- 
imately the same amount per unit of body surface area.”! The later reduction 
in blood volume, after the first 8 hours, might be associated with the action of 
clostridial exotoxins. 

The exotoxins of Clostridium perfringens which are particularly locally 
destructive are lecithinase and collagenase. Collagenase rapidly attacks and 
destroys subcutaneous connective tissue and phagocytic cells present in this 
tissue. The spread of these organisms along connective tissue planes is facilitated 
by this breakdown.?® The integrity of the capillary wall is interrupted with 
resultant exudation and hemorrhage.'t The muscle cells are destroyed and some- 
what later, the tendons and nerve sheaths as well.* Smith, in a review of the local 
action of clostridial toxins, has suggested that both collagenase and lecithinase 
aid in the destruction of capillaries.1* The collagenous reticular sheath around 
the eapillaries is probably attacked by collagenase, while the endothelial cells 
composing the capillary walls apparently are destroyed by lecithinase. resulting 
in inereased capillary permeability. It appears that this exudation causes an 


Ss an accurate measure of the amount 
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inerease of local tissue tension. Venous return is embarrassed so that local 
extravasation of blood progresses at a greater rate. This stagnation of blood 
flow, along with concomitant fermentation of the injured tissue, establishes an 
optimal environment of lower oxidation potential and decreased pH. Clostridial 
infection is now firmly established, and prepared to attack surrounding areas of 
yet undamaged tissue. 

The action of clostridial toxins is not limited, however, to the propagation 
of local loss of blood into the area of the wound. If the blood volume were 
maintained at the normal level, in the presence of this massive wound, then the 
survival of the animals would not be prolonged indefinitely. This is borne out by 
the extrapolation of the regression lines relating rate of blood loss to survival, 
seen in Fig. 1. This has also been shown in experiments in these laboratories in 
which the survival of animals after massive transfusion was 35 hours in those not 
given antibiotic, and 96 hours in a penicillin-treated group.'* Indirect evidence 
of the occurrence of absorption from the wounds of these goats has been re- 
ported.'® It was shown that particles as large as those of human serum albumin 
iodinated with I'*! could be detected in the peripheral blood within one hour 
after the radioactive iodine was painted on the surface of the wounds. Thus, 
the absorption into the circulating blood of such pharmacologically active ma- 
terial as clostridial exotoxin or secondary toxic products might well take place. 
The toxins of Clostridium perfringens, when injected intravenously, are toxic 
to the myocardium.*® 

The data presented in these various experiments establish the wound as the 
basis of a eyele of injury which becomes progressively pernicious. The mass of 
damaged muscle becomes gradually saturated with a varied amount of blood 
which extravasates from the cireulating volume. This reduction in blood volume 
has the effect of causing a reduction in cardiac output as well as arterial pressure, 
producing the clinical condition called shock. At the same time, this tissue, having 
a reduced oxygen potential and pH, becomes the center of active proliferation of 
pathogenic clostridia. The organisms produce toxins which are absorbed into 
the circulating blood, or which act on muscle tissue to produce secondary toxic 
factors, reinforcing the already present signs of clinical shock. In addition, the 
toxins act with local destructiveness to enlarge the area of injured tissue. The 
greater volume of damaged tissue in the area of the wound is capable of absorb- 
ing a greater quantity of blood to reach saturation, and at the same time pro- 
vides a foeus for generating larger quantities of toxin. The theoretical cycle 
of traumatic shock seen in the goat preparation is presented in Fig. 4. The 
action of the continued loss of blood, and the increasing ‘‘toxemia’’ (true 
exotoxins or secondary products) proceeds with increasing severity until, at the 
time of death, the blood volume of the animals has been reduced to a eritical 
level, and a critical toxemia has been achieved. Animals which have a rather 
small initial loss of blood after wounding ean withstand a more prolonged 
exposure to clostridial infection before the circulatory depression becomes in- 
compatible with continued life. On the other hand, animals in shock beeause of an 
early and severe loss of blood volume need but little added stress from the 
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Fig. 4.—A theoretical cycle of progressive injury resulting from the presence of an open wound 
infected with pathogenic clostridia. 
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—The basis for rational therapy of wounds lies in the interruption of factors in the cycle 
of progressive injury. 
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clostridial toxins to cause death. Thus the product of these two factors becomes 
a major determinant of the length of the survival time after injury. 

In Fig. 5 there is presented a summary of the possible current therapies of 
the traumatic shock cycle. Whole blood transfusion is effective in sustaining the 
eardiae output and arterial pressure. Antitoxin provides some defense against 
clostridial toxins.1? Penicillin and other antibiotics which are effective against 
the clostridia act to restrain the enlargement of the damaged area by progres- 
sive clostridial infection. Last, and most definitive of all therapy, is adequate 
removal of all the injured and infected tissue. Débridement removes the basie 
framework of the entire cycle of injury. By these measures the salvage of 
patients with large injuries and superimposed clostridial infection may be 
improved. 

SUMMARY 


The rate of reduction of blood volume during the first 8 hours after injury 
was correlated with the survival time of 28 goats injured by a standard technique 
and given no specific therapy, and with that of 31 goats injured and treated 
with penicillin. 

The estimated number of pathogenic clostridia per milliliter of wound 
exudate, 9 hours after injury, was compared with the survival time of 18 un- 
treated and 23 penicillin-treated injured goats. 

Although the rate of reduction of blood volume, and the estimated number 
of clostridia in the wound were each related to the survival time, the product of 
both of these two factors yielded more significant correlation than either factor 
alone. This product was labeled the ‘‘ wound factor.’’ The survival time could be 
predicted by determining these two factors within 9 hours after injury, by the 


1 = ; 
formula: ST = ow? where k = 2.7 x 10-*, and W = wound factor units. 


The relation of blood loss and elostridial infection is discussed and a theo- 
retical eyele of injury resulting from their interaction presented. 
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WOUND HEALING: A COMPARATIVE STUDY OF THE 
HISTOCHEMICAL CHANGES IN GRANULATION TISSUE 
CONTAINED IN STAINLESS STEEL WIRE MESH AND 
POLYVINYL SPONGE CYLINDERS 
JOHN A. SCHILLING, M.D., WALTER JOEL, M.D., AND HELEN M.' SHur.ey, M.T. 
(ASCP), OkLAHOMA City, OKLA. 


(From the Departments of Surgery and Pathology, University of Oklahoma School of 
Medicine ) 


HE purpose of this investigation has been to observe the histochemical 

changes that occurred during the time course of fibroplasia in the absence 
of infection and/or epithelization, and to correlate these observations with 
quantitative biochemical analyses of the adjacent pre-existing host tissue and 
the new granulation tissue. In addition, these observations may be correlated 
with our biochemical studies of the wound fluid which has served as the 
external milieu of the proliferating fibroblasts and capillaries. 

Previous observations, utilizing a wire mesh sphere or cylinder implanted 
subcutaneously, have provided information concerning the dynamic interphase 
of fibroplasia.’*"'7 A number of other investigators** * 1° 1% 15 have used the 
polyvinyl sponge (lvalon, Clay-Adams) for biochemical and histochemical ob- 
servations on granulation tissue. Jackson has recently reviewed many of the 
pertinent aspects of the biochemical nature of wound healing.’ The observa- 
tions reported here indicate a rapid increase in acid polysaccharides during 
the first 3 weeks, with a return to control levels by the twelfth week. Neutral 
mucopolysaccharides remained at control levels for 3 weeks and then steadily 
increased until the eighth week where they remained at this level through 
the thirty-seecond week. Calcification occurs in the polyvinyl sponge at the 
twelfth week and increases through the thirty-second week. Other observa- 
tions suggest a new method of tissue structuring for autologous use. 


MATERIALS AND METHOD 

Healthy, mongrel, male dogs, preferably short-haired and weighing ap- 
proximately 20 Kg., were used for all implantations. The dogs were main- 
tained in cages and were given routine care and adequate diet. Stainless 
steel, wire mesh eylinders (Fig. 1, 4) were made from 60 by 37 mm. reetangu- 
lar pieces of No. 46 mesh. These were carefully shaped and secured in place 
with No. 40 stainless steel surgical wire over two polished Lucite rings near 
either end. The Lucite rings were used for inside support to prevent collapse 
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of the cylinder after implantation. Loose wires of the mesh were folded 
over to close the open ends through which a needle could easily be inserted 
for aspiration of the fluid at specified intervals. The polyvinyl sponge was 
cut into cylinders 65 mm. in length and 10 mm. in diameter with a cork borer 
(Fig. 1, 4). The sponges were washed and dried, as suggested by the manu- 
facturer. The wire mesh and polyvinyl sponge cylinders were sterilized by 
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Fig. 1—A, Trochar, wire mesh cylinder and polyvinyl sponge before implant. Note 
sponge compression by aged connective tissue at 32 weeks. B, Scheme for cylinder or sponge 
towers ees on dogs’ backs with incisions in the midline. C, Diagram indicating technique of 
implantation. 
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autoclaving. The trochar devised for implantation of the cylinders was a 
stainless steel tube with an inside diameter of 12 mm., into which a plunger 
was affixed by use of a screw-cap type of closure (Fig. 1, A). 

Nembutal (veterinary, 60 mg. per cubic centimeter) was administered 
intravenously for anesthesia. Strict aseptic surgical technique, with careful 
hemostasis, was employed for all implantations and excisions. Depending on 
the size of the dog, from 16 to 24 cylinders or sponges were implanted in a 
pattern similar to that shown in Fig. 1, B, through three or four 5 em. incisions 
made in the midline of the back. After blunt scissor dissection beneath the 
panniculus carnosus (Fig. 1, C), the cylinders were introduced and deposited 
at the chosen sites with the appropriately sized blunt trochar (Fig. 1, C). The 
sponges were implanted in the same manner in a separate series of dogs. All 
incisions were closed with interrupted subcutaneous and skin sutures of 4-0 
cotton. No dressings were applied. 

The time interval for harvesting tissue was determined by the fluid 
analyses schedule. For the wire mesh eylinder, this fell into periods of 5, 
7, 10, 14, and 21 days, 6 and 8 weeks, and 8 months. The polyvinyl sponge 
implants were removed at intervals of 1, 2, 3, 4, 5, 8, 12, 16, and 32 weeks. 

The cylinders were removed meticulously with strict aseptic technique 
through incisions between neighboring cylinders. Fluid within the wire mesh 
cylinders was aspirated into a sterile 5 ¢.c. syringe through a 20-gauge needle. 
The cylinders then were opened and placed in 10 per cent neutral formalin, 
and when properly fixed the new granulation-fibrous tissue was removed and 
embedded in paraffin, sectioned, and stained. 

The polyvinyl sponges were cut into 1 em. sections and immediately were 
fixed in formalin, Carnoy’s and Bouin’s fixatives, and subsequently embedded 
in paraffin, sectioned, and stained. 

The microscopic slides, made from tissue within the wire mesh cylinder 
and polyvinyl sponge, were stained with six different stains for histochemical 
comparison. These stains were hematoxylin and eosin, Azan,°® periodic acid- 
Schiff," Hale’s,> combined,’* and Alcian blue.** On occasion elastica® and 
Von Kossa’ stains were made. Photomicrographs in color and black and 
white were made from each preparation from each of the specimens removed 
at the previously described time intervals. 


OBSERVATIONS AND RESULTS 


Hematoxylin and eosin and Azan stains were used to follow the general 
trend of fibrogenesis. The preparations stained with Alcian blue and periodic 
acid-Schiff indicated both qualitatively and quantitatively the presence of 
acid and neutral mucopolysaccharides in the regenerating tissue. It is our 
opinion that Alcian blue is superior to Hale’s stain for the specificity of acid 
polysaccharides. 

As has been widely observed by others who have studied the polyvinyl 
sponge in wound healing, a capsule surrounds the sponge by the end of the 
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first week, and fibrogenesis proceeds with an organization of fibrin and fibro- 
blastic proliferation toward the sponge material and center of the sponge, 
accompanied by infiltration of lymphocytes and polymorphonuclear leukocytes 
(Fig. 2, 4). Numerous giant cells were observed from the first week onward, 
as the tissue reacted to the stimulus of the foreign body. 

There is continued increase in the density of the fibrous tissue through 
the weeks, with accompanying phagocytosis of the sponge material by giant 
cells. There is considerable collagen formation by the fourth week, and the 
center of the cylindrical sponge is filled with this fibrocollagenous tissue. 
There is compression and contraction of the sponge by the maturing connec- 
tive tissue within and without. The dense, hyalinized fibrous tissue at the 
end of 8 weeks showed excessive collagen formation and an apparent decrease 
in water content (Fig. 3, 4). Nuclear elements decreased and the number of 
endothelially lined capillaries increased. 

By the end of 12 weeks some areas of calcification in and around the sponge 
material near the periphery became noticeable. At 16 weeks these areas of 
calcification had progressed toward the center of the sponge, the tissue density 
continued to increase, and the sponge appeared further diminished in volume. 
The observations at 32 weeks showed continued increase in numbers of areas 
of caleium deposit along the sponge material (Fig. 4), and further contracture 
of the aging granulation tissue (Fig. 1, A). 

The foreign body giant cell phenomenon was not observed in the pro- 
liferation of fibrous tissue in the interior of the wire mesh cylinder. The 
inert stainless steel mesh does not elicit as great a foreign body response as 
that observed in the sponge. 

The implanted cylinder was incorporated in the adjacent host subeutane- 
ous and granulation tissue and filled with fluid. Microscopically, the tissue 
on the outside of the cylinder had the appearance of the host, with adipose 
tissue and blood vessels combined with fibroblastic and capillary proliferation, 
leukocytic and round ¢ell infiltration. The tissue inside the cylinder was 
bathed in fluid. The 5-day preparation showed fibrin strands beginning to 
organize in the exudative material which included lymphocytes, monocytes, 
and polymorphonuclear leukocytes. At 7 days (Fig. 2, B) with progressive 
organization of fibrin, there were still no fibroblasts inside the cylinder; but 
by 10 days the tissue was almost a ‘‘pure culture’’ of fibroblasts, with only 
a few remnants of the exudate. By 14 days there were newly formed capil- 
laries with the young fibroblasts. The tissue inside the cylinder, by 21 days, 
was dense collagenous tissue, with few nuclear elements observed. This tissue, 
adhering to the wire mesh, formed a dense tube-like lining and contained 
the wound fluid. 

Gross observation of cylinder tissue at the end of 6 weeks of growth 
showed the same configuration of granulation tissue. The lumen of this tube 
still contained fluid and appeared to have a smooth lining. Upon microscopic 
examination, this ‘‘lining’’ proved to be fibrocollagenous tissue with no en- 
dothelial cells or elastic fibers. The appearance at 8 weeks was similar (Fig. 
3, B), with more thickening and condensation of the connective tissue wall. 
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Fig. 2. 
A, B. 





Fig. 3. 





Fig. 2.-—A, Sponge tissue at one week showing organization of fibrin in interstices of 
sponge (hematoxylin and eosin X150). B, Cylinder tissue at one week showing fibrin strands 
enmeshing exudative components (hematoxylin and eosin X150). 

Fig. 3.—A, Sponge tissue at 8 weeks, showing dense fibrocollagenous tissue (hematoxylin 
and eosin X150). B, Cylinder tissue at 8 weeks (hematoxylin and eosin X150). 
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The lumen of tissue within a cylinder implanted for 32 weeks still con- 
tained approximately 0.5 ml. of wound fluid. The fibrocollagenous tissue in 
the end of the cylinder was quite dense, had increased in thickness, and was 
more difficult to penetrate than any tissue of the previous cylinder aspirations. 





A. B. 


Fig. 4.—A, Sponge tissue at 32 weeks showing dark areas of calcium deposit (Von Kossa 
stain 250). B, Cross-section of tubular connective tissue formation after 32 weeks’ growth 
in wire mesh cylinder showing smooth inner collagenous lining and rough edge separated from 
the wire mesh. Note concentric lamellations. (Hematoxylin and eosin X250.) 

Cross-eut of the cylinder showed an internal dense fibrous, ‘‘macaroni-like’’ 
tube with a lumen of 5 mm. diameter (Fig. 5). This tube of connective tissue 
could be separated easily from the mesh. The interstices of the wire mesh 
cylinders were solidly filled and lined with dense collagenous tissue, similar 
to that of the earlier periods. Microscopically, as observed before, the thick 
wall of the tube was very dense fibrocollagenous tissue, with no discernible 


endothelial lining or elastic fibers (Fig. 4, B). 
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The colored photomicrographs of all tissue preparations provided a quali- 
tative and comparative quantitative assay of the acid and neutral muco- 
polysaccharide content from one week to another. In the Alcian blue series 
the blue-greenish color which indicated the presence of the acid polysaccha- 
rides was very faint, if noted at all, in the first week. However, it was 
definitely observable by the end of 2 weeks in the ground substance within 
and around the sponge. The increase was very well defined in the wire mesh 
cylinder. It should be remembered that all granulation tissue inside the wire 
mesh cylinder was new. This blue-green color became increasingly intense 
during the 2- and 3-week periods and reached its maximum intensity at 3 
weeks, after which it remained about the same level of intensity through the 
eighth week. The color seemed to diminish in intensity and returned to con- 
trol level by the twelfth week. The acid polysaccharide content of 16 and 32 
weeks’ growth also remained at control levels. These periods were compara- 
ble to the usual amount of acid polysaccharide found in the host, as repre- 


sented by the tissue sections outside the cylinder. 


Saeeen Beene 





Fig. 5.—Cross-section of wire mesh cylinder containing 32-week-old tubular formation of 
fibrocollagenous tissue, partially separated from the wire mesh. An unused half cylinder, 
showing a whitened polished Lucite supporting ring within, is also shown for comparison. 

On the other hand, in the series depicting the periodic acid-Schiff reac- 
tion, the affinity of the connective tissue for this stain (neutral polysaccharide) 
was very weak in the first 3 weeks’ growth and became more intense in the 
hyalinized and dense fibrous tissue areas by the fourth week. At the end of 
8 weeks, the amount of periodic acid-Schiff positive tissue had greatly in- 
creased and reached maximum concentration. There was no discernible 
decrease in color intensity at 12, 16, and 32 weeks. 

In comparison with the series in which Hale’s and the combined stains 
were used, our findings were corroborated, although the observations were 
less definitive. When histochemical changes in the mucopolysaccharides in 
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the tissues of the sponge are compared with the tissues from the wire mesh, 
there seems to be no appreciable difference in the amounts of the polysaccha- 
rides in the tissue collected from these two sources. The tissue in preparations 
from the wire mesh cylinder presented a more precise picture of fibrogenesis 
than in the sponge, since it was concentrated in one solid area and was not 
interspersed with sponge material (Fig. 4). 


SUMMARY 


A simple surgical procedure is outlined obtaining granulation tissue at a 
wound site in amounts large enough for biochemical and _ histochemical 
analyses. This allowed time-interval harvesting of tissue and wound fluid 
from the same animal. 

By using two different vehicles in a similar manner for collecting connec- 
tive tissue, comparative observations of regenerating tissue in their healing 
milieu have been made possible. The microscopic and histochemical findings 
in the polyvinyl sponge implants were partially obscured by giant cells, 
sponge material, and calcium deposits. The tissue collected in the wire mesh 
cylinder, on the other hand, was completely de novo, and the surrounding 
tissue showed less foreign body reaction. There were no giant cells, and the 
tissue could be observed from the very early exudative stage to the dense 
collagenous phase in ‘“‘pure culture.’’ Concurrent quantitative chemical 
analyses of this tissue were free from any foreign material which might 
interfere with the analyses. 

By the use of histochemical techniques there was a rapid increase in the 
acid polysaccharides during the first 3 weeks. This level remained constant 
until the eighth week, and returned to control levels by the twelfth week. 
On the other hand, the neutral mucopolysaccharides, as depicted by the 
periodic acid-Schiff staining reaction, failed to show an increase until after 
3 weeks of growth when there was a steady increase, with maximum intensity 
noted at 8 weeks. This maximal intensity of the neutral mucopolysaccharides 
remained constant through the 32-week growth period. 

The calcium deposit in the polyvinyl sponge in the long-term implan- 
tations may be a type of species reaction or it may be of general biologic 
significance. Although the tissue observed in the cylinder at 8 months has the 
appearance of a large blood vessel, there is no evidence that it is anything 
other than connective tissue in a tubular configuration. This might suggest 
a mode of tissue structuring for surgical reconstruction or vascular repair. 
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A PORTABLE TECHNIQUE FOR THE MAINTENANCE OF CONSTANT 
STERILE POSTOPERATIVE WOUND SUCTION 


Roger C. Bresuau, M.D., WALTER J. Portes, Caprain, USAF (MC), anp 
Seymour I. Scowartz, M.D., Rocuester, N. Y. 


(From the Department of Surgery, University of Rochester School of Medicine and Dentistry, 
and the Surgical Services of the Strong Memorial and Rochester Municipal Hospitals) 


HE general principle of continuous postoperative suction drainage in 

wounds requiring the obliteration of an extensive dead space beneath 
skin flaps has been widely accepted since its popularization by Raffl,? who 
pointed out that this method produced excellent healing of radical mastec- 
tomy wounds, while doing away with the need for bulky pressure dressings 
and frequent changes. We have studied and will describe a technique, origi- 
nally proposed in France,! employing portable, sterile vacuum flasks for 
wound suction. This method has been found to offer certain unmistakable 
advantages over other techniques used at the present time. 


ADVANTAGES OF SUCTION DRAINAGE 


A number of authors’ * * © ®° have stressed that fluid accumulation be- 
neath skin flaps is often a major cause of delayed wound healing since, by 
holding the flaps elevated, the pocket of transudate prevents the early in- 
growth of new nutritive vasculature from the underlying tissue bed. The 
use of suction to promote prompt adherence of the flaps is therefore a rational 
adjunet in promoting early revascularization and, consequently, improved 
wound healing. 

The adoption of closed-space negative pressure drainage is a logical ex- 
tension of a principle which has been championed by Chaffin? for over 30 
years, namely that all types of wounds are benefited by true suction drainage 
(sump type in his eases), as opposed to simple wick drainage. Chaffin asserts, 
as does MacDonald,® that soft rubber (Penrose) wicks never truly ‘‘drain’’ 
(evacuate) a physiologic dead space, but serve only to maintain a vent for 
the egress of overflow exudate. Murphy’ appears to have been the first to 
recommend true ‘‘closed-space’’ wound suction, in the form of intermittent 
postoperative hand syringe aspiration of an indwelling catheter in radical 
masteectoniy wounds. 

Silvis and his co-workers’ extended the use of the continuous negative 
pressure technique to wounds of all types in which the development of skin 
flaps created a subcutaneous dead space which could not be efficiently evacu- 
ated by conventional soft rubber wicks. They pointed out that copious 

Contents reflect the authors’ personal views and are not to be construed as official Air 


Force policies. 
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exudation following major dissections readily saturates bulky pressure dress- 
ings, causing foul odor and maceration of the underlying skin, and necessi- 
tates frequent changes which are a trial to the patient, time consuming to 
the staff, and a possible source of infection. It has also been pointed out that 
an effective distribution of pressure is rarely achieved by dressings subse- 
quent to the initial one applied to the anesthetized patient. Moreover, in 
dissections about the head and neck, it is extremely difficult to fashion ade- 
quate pressure dressings and still preserve the patient’s comfort and safe- 
guard his airway, particularly if tracheotomy is present. Postoperative sue- 
tion drainage, on the other hand, provides a means for drawing down the 
skin flaps into the natural fossae of the neck with little or no dressing being 
necessary. 


DISADVANTAGES OF CONVENTIONAL METHODS OF SUCTION 


The devices currently employed in most hospitals for negative pressure 
suction drainage, namely, modified Wangensteen apparatus, electric pumps, 
and wall-outlet vacuum lines where available, present a number of important 
practical drawbacks. Raffi, Silvis and his colleagues,° and Connolly® all 
recommend Wangensteen suction, while Chaffin,? MacDonald,® and Moloney® 
indicate that a constant power operated source is preferable, stating that the 
success of the method is primarily contingent upon continuous evacuation, 
especially during the first 48 postoperative hours. The major disadvantages 
of these conventional methods of wound suction may be enumerated as fol- 
lows. 

1. Portability is completely lacking if continuous suction is to be main- 
tained. The patient is literally tied to a stationary suction device for the 
24- to 72-hour postoperative period during which sterile, uninterrupted wound 
evacuation is desirable. This means restriction to bed rest, or at most bed 
and chair activity, in cases where there might otherwise be no medical or 
surgical reason to prevent free ambulation as soon as postanesthetic recovery 
is complete. MacDonald’s group feels that this restriction of early ambula- 
tion constitutes such an important disadvantage of the method that they 
routinely permit the patient himself to disconnect the catheter from suction 
several times a day for bathroom privileges. The problem of preventing con- 
tamination constitutes the main criticism of this regimen. Moloney® was the 
first to attempt to reconcile the desirable features of continuous suction with 
unrestricted ambulation. He accomplished this by removing the catheter 
from constant pump suction, attaching in its place a large bulb syringe after 
the rubber bulb had been expressed. However, even with this refinement, 
multiple handlings of the wound catheter constitutes a serious disadvantage. 

2. Sterility cannot be ensured with the methods of wound suction currently 
practiced. From the time that the patient leaves the operating room, his 
wound catheter may become subject to handling, detachment, and re-attach- 
ment as many as four or more times, even if he is not permitted bathroom 
privileges. Each time the eatheter is disconnected, an opportunity is provided 
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for the entry of contaminating organisms. As a practical consideration, despite 
the best intentions, the sterile sponge or other covering affixed to the catheter 
end while the patient is being transported often becomes dislodged, thus leaving 
the wound interior exposed to contamination. 

3. Constancy of wound suction is not provided by conventional methods. 
Delays frequently occur in the re-attachment of wound catheters to suction 
outlets during the early postoperative hours. An interval without suction 
during this critical period allows formation of fibrin clot beneath the flaps 
and in the catheters, thus setting up pocketing of exudate and obstruction to 
further drainage. The successful application of a Wangensteen apparatus, in 
particular, is dependent upon vigilant personnel who will accomplish prompt 
turning of the flasks. 


METHOD OF PORTABLE VACUUM FLASK SUCTION 


The employment of sterile, nonpyrogenic, disposable vacuum flasks and 
collection tubing offers a highly satisfactory and efficient method for the 
maintenance of continuous postoperative negative pressure drainage beneath 
wound flaps, at the same time circumventing the drawbacks of conventional 
suction just enumerated. No special equipment is necessary for the accom- 
plishment of this method. Ordinary commercial blood or plasma collection 
flasks and tubing, which are readily available in most hospitals for donor col- 
lections, are employed to maintain constant, sterile, negative pressure wound 
suction in major dissections. The only necessary refinement is the removal 
of one of the swaged-on needles ordinarily present at both ends of the donor 
tubing, and the substitution of a suitable adaptor or connector which will 
fit the wound catheter. 

Since each flask has a finite capacity, the success of the method, without 
having to resort to flask replacement, depends largely upon the prevention 
of air leakage into the wound. Airtight wound closure is achieved with 
closely placed interrupted fine sutures, reinforced with petrolatum-gauze 
strips if necessary. The suction catheter, usually a large-bore (No. 28 Fr.), 
stiff-walled rubber catheter, with additional vents created in the distal end, 
is drawn tightly through the smallest possible stab wound at a site chosen 
to afford the maximum drainage of the entire flap area. Where indicated, a 
second catheter and tubing set may be employed with a single vacuum flask. 
Care is taken to see that the most proximal vent in the catheter is placed well 
below the skin level. Suction is immediately applied from a power source in 
the operating room while wound closure is completed. The closed wound is 
tested for airtightness prior to attachment of the vacuum flask by demon- 
strating the existence of stable negative pressure with a large hand bulb 
syringe, and then the catheter is clamped. One end of the collection tubing 
is then joined to the proximal end of the wound catheter, and the joint is 
rendered airtight by reinforcement with adhesive tape. The swaged-on 
needle at the other end is inserted through the rubber top of the vacuum 
flask, secured against dislodgment with adhesive tape, and the catheter is 
then unclamped. 
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The entire procedure is performed in the operating room under aseptic 
conditions and, barring the delayed development of an air leak into the sys- 
tem, further manipulation is unnecessary. The flask operates effectively in 
any position, irrespective of gravity. Ordinarily, the degree of negative pres- 
sure exerted by the flask is sufficient to maintain a slight degree of collapse 
of the wound catheter, and this is adequate evidence that effective suction 
is still operative. Should the amount of fluid drained exceed expectations, 
and a question arise concerning the degree of residual vacuum in the flask, 
a simple test may be performed by aseptically inserting a No. 20 needle on 
a 20 ¢.e. syringe through the bottle top, and drawing batk on the syringe bar- 
rel to obtain a reasonable estimate of the negative pressure remaining. 


EFFICIENCY OF SUCTION 
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Fig. 1.—Efficiency of suction. Average of nine different vacuum flasks with a variety of filling 
capacities. Inset, Negative pressure achieved by Wangensteen apparatus. 

We have satisfactorily established that identical negative pressure is 
exerted by a wide variety of commercially available flasks, independent of 
volume. In almost all instances, 500 ¢.c. flasks have been found to be more 
than sufficient, as would be expected from MacDonald’s observations’ of the 
average volumes of wound exudate recovered by suction after a variety of 
major procedures. In many eases, less bulky 250 ¢.e. flasks will suffice. The 
use of flasks containing ACD solution does not appear to promote more effec- 
tive drainage than empty vacuum flasks without anticoagulant. 

Efficiency of Vacuum Flasks.—The efficiency of bottle suction is not ap- 
preciably lessened as the flask becomes progressively filled with evacuated 
secretions. Nine different types and sizes of vacuum flasks from three differ- 
ent manufactures, with and without contained ACD solution, were subjected 
to testing with satisfactorily uniform results. Each flask was filled progres- 
sively from a graduated burette, while measurements of negative pressure 
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Fig. 2.—Radical mastectomy, third postoperative day. 
Fig. 3.—Radical neck dissection, third postoperative day. 





Fig. 4, 





Palmar dissection of the hand with a 125 ¢.c. suction bottle used in combination with 
a pressure dressing. 
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were recorded from a properly calibrated Sanborn strain gauge. In each ease, 
the flasks tested continued to exert efficient vacuum when filled to the capacity 
rated by the manufacturer, and, in fact, the negative pressure did not exhaust 
until total (overflow) filling had occurred. Fig. 1 indicates the relative 
constancy of negative pressure produced by the vacuum flask over a sub- 
stantial portion of the filling range. This compares favorably with the 
pressure curves recorded from a Wangensteen-type apparatus in current use 
(the Tomae Gastro-Evacuator), which exhibited straight line reduction from 
—-72 mm. to -37.5 mm. with each turning cycle, provided turning was prompt 
(see insert in Fig. 1). 













ADVANTAGES OF PORTABLE VACUUM FLASK SUCTION 


The use of a disposable vacuum flask for self-contained postoperative 
wound suction circumvents the disadvantages of conventional methods in 
providing for portability, sterility, and constaney of wound suction. The 
availability of the necessary equipment in all hospitals, even in smaller pe- 
ripheral communities, is another distinct advantage. In addition, the use 
of a vacuum flask offers a convenient method for sterile collection of speci- 
mens of deep wound exudates for bacteriologie studies, and for pathologic 
examination of cell blocks for residual malignant cells after radical surgery. 

Among the procedures where the method is suitable for employment are 
radical mastectomy (Fig. 2), radical neck and jaw dissections (Fig. 3), total 
parotidectomies, total laryngectomies, large ventral herniorrhaphies,* femoral- 
inguinal dissections, major limb amputations, and other dissections where skin 
flaps have been developed (Fig. 4). 
















SUMMARY 










The use of sterile, disposable vacuum collection flasks is proposed as a 
method for the routine maintenance of constant negative pressure wound 
drainage. 

The advantages of this technique are: 








1. Sterility—vacuum flask drainage comprises a sterile closed system, free 
from the possibility of contamination which attends the handling and reattach- 
ment of catheters to conventional suction apparatus. 

2. Portability—vacuum flask drainage permits unrestricted early ambu- 
lation of the postoperative patient, at the same time ensuring uninterrupted 
suction which would otherwise require 24 to 72 hours of bed rest with con- 
ventional stationary suction apparatus. 

3. Simplicity, economy, and ready availability of the necessary equipment 
in even the smallest and most isolated surgical theaters. 

4. Ease of sterile collection of specimens of deep wound exudates post- 
operatively for bacteriologic and cytologic examinations. 














We are indebted to Dr. Claude Chardot, Ancien Interne of Nancy, France, who first 
proposed to one of us (W. J. P.) the possibility of successful self-contained vacuum 
suction. 








hes S PORTABLE WOUND SUCTION APPARATUS 717 
umber 


Particular thanks is expressed to Mead Johnson Company, Parenteral Division, and 
to the Baxter Laboratories, Inc., for their encouragement and cooperation in supplying 
materials used in this study. 


REFERENCES 


. Bourgeois, R., and Jost: La fermeture sous dépression des plaies operatoires en clinique 
cervicale, suivant la méthode de Redon, Jost, et Troques, Ann. oto-laryng. Paris 
72: 812, 1955. 

. Chaffin, R. C.: Surgical Drainage, J. Internat. Coll. Surg. 22: 683, 1954. 

. Connolly, J. E.: Prevention of Postoperative Subcutaneous Fluid Collection by Suc- 
tion, J. A. M. A. 157, 1490, 1955. 

. Lattimore, T. J., and Koontz, A. R.: Suction Drainage After Implantation of Tantalum 
Gauze Sheets, J. A. M. A. 155: 1333, 1954. 

. MacDonald, I., Smith, G. K., Guiss, L. W., and DeMoss, E. V.: Exposure and Suction 
Drainage in the Management of Major Dissective Wounds, Surg. Gynec. & Obst. 
107: 532, 1958. 

3. Moloney, G. E.: Apposition and Drainage of Large Skin Flaps by Suction, Australian 
and New Zealand J. Surg. 26: 173, 1957. 

-. Murphy, D. R., Jr.: Use of Atmospheric Pressure in Obliterating Axillary Dead Space 
Following Radical Mastectomy, South. Surgeon 13: 372, 1947. 

. Raff, A. B.: The Use of Negative Pressure Under Skin Flaps After Radical Mastec- 
tomy, Ann. Surg. 136: 1048, 1952. 

. Silvis, R. 8., Potter, L. E., Robinson, D. W., and Hughes, W. F.: The Use of Continuous 
Suction Negative Pressure Instead of Pressure Dressing, Ann. Surg. 142: 252, 1955. 





HERNIA REPAIR WITH MARLEX MESH 
A COMPARISON OF TECHNIQUES 
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(From the Cora and Webb Mading Department of Surgery, Baylor University College of 
Medicine, and the Hermann and Jefferson Davis Hospitals) 


RELIMINARY studies on the experimental and. clinical use of Marlex mesh 

for the repair of tissue defects has been reported by us.*> This new plastic 
mesh which possesses ideal physical properties as a surgical prosthesis was 
found to be biologically inert and well suited for this purpose. Sufficient time 
has now elapsed to evaluate clinical results (Fig. 1). 

The types of defects in which the mesh has been used may be divided into 
3 categories: 

1. Chest Wall Defects—These were patients with primary tumors of the 
ribs (most often chondrosarcoma) in whom resection of several ribs was neces- 
sary to effect a cure. The resulting defects were bridged with Marlex mesh. 
There were 8 cases in this group. 

2. Abdominal Wall Defects—The majority of patients in this group had 
incisional hernias. There were a few patients with defects secondary to the 
excision of tumors of the abdominal wall. In all, there were 65 cases in this 
group. 

3. Inguinal Hernia Repair—The mesh was used only in those patients 
having recurrent hernias or large direct inguinal hernias in which conventional 
means of repair were not considered adequate. There were 36 cases in this 
group. 

Several different types of repair were used. These techniques will be de- 
seribed and the advantages and disadvantages of each will be presented. We 
believe that a successful repair with the mesh depends largely on selection of 
the proper technique for the individual ease. 


REINFORCEMENT TECHNIQUE FOR INCISIONAL HERNIAS 


This method of repair was used to reinforce the approximated fascial layers 
of incisional hernias in the same manner in which tantalum mesh has been 
used. In some of these patients the fused fascial edges of the hernial ring were 
approximated by interrupted sutures (even though under tension) and the 
mesh sutured over this repair as a reinforcement. In other cases in which 
tension did not permit apposition of the edges of the hernial ring, the hernial 
sac was incised in its long axis, imbricated upon itself, and the mesh sutured 
over it as a reinforcement (Figs. 2 and 3). 
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It was observed that implantation of the mesh in this subcutaneous posi- 
tion created a certain amount of dead space superficial to the prosthesis. This 
resulted in the formation of seromas in about 25 per cent of the patients. Toa 
certain extent, this was overcome by using relatively narrow sheets (3 to 4 
inches in width) of the mesh and by using eatheter suction drainage for the 


j Fig. 1—Photomicrograph of Marlex mesh (approximately X12; reduced 1%). The mesh 
is a simple taffeta weave with a thread count of 40 by 40 to the inch. It is calendered to pro- 
vide greater flexibility and decrease fragmentation due to work fatigue. 


Fig. 2. Fig. 3. 
Fig. 2.—Repair of abdominal wall defect. a, Reinforcement technique. 0, Intraperi- 

toneal technique. 

mH Fig. 3.—Reinforcement technique. Repair of upper midline incisional hernia with Mar- 

©€x mesh (Usher, and associates*). 
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first 3 to 4 postoperative days. Even with these measures, seromas occasionally 
occurred and sometimes resulted in wound infections. The sterile seromas were 
treated by aspiration which usually caused them to disappear. Wound abscesses, 
when they occurred, were treated by wide incision and drainage and the use of 
the specifie antibiotic determined by culture of the abscess. In none of the 
infected wounds was it necessary to remove the mesh. By observation of open 
wounds it was noted that granulation tissue grew through the grafts and com- 
pletely infiltrated them, even in the presence of pus. It is this property of 
biologic inertness in the presence of infection that makes Marlex mesh valuable 
as a surgical prosthesis. 

Although any nonabsorbable suture can be used to affix the mesh to the 
surrounding fascia, wire sutures were found to be preferable because of the 
possibility of a draining suture sinus resulting from the use of cotton or silk. 
We have had to remove silk sutures from the wounds of 5 patients in whom 
this material was used. In these patients we opened the wounds widely, re- 
moved all of the silk sutures that were visible (usually 1 or 2 dozen), then 
closed the wounds secondarily a few days later. All of these wounds remained 
healed with no further sinus formation after this procedure. During these 
operations it was frequently noted that the mesh was completely infiltrated with 
granulation tissue and could not be seen. In no ease was the mesh found to be 
the eause of the draining sinus. 

In all, 49 incisional hernias were repaired by means of the reinforcement 
technique just described. There have been 2 recurrences. There were 6 wound 
infections, all of which responded to incision and drainage. The relatively high 
rate of wound infection in this group was due in part to the recent outbreak 
of hospital infections due to resistant staphylococci. 


INTRAPERITONEAL TECHNIQUE FOR INCISIONAL HERNIAS 


An incidental finding in our experimental work with dogs led to the develop- 
ment of this technique. It was noted that, in those dogs in which complete re- 
placement of a segment of the abdominal wall (including peritoneum) had been 
performed, a more uniform and somewhat thicker layer of fibrous tissue was 
formed, especially if the mesh was sutured to the peritoneal side of the ab- 
dominal wall. This was in contrast to the findings in those dogs in which only 
a superficial portion of the muscle had been excised, leaving transversalis and 
peritoneum intact. In this second group of dogs the mesh was not as thoroughly 
infiltrated with fibrous tissue. It was also noted in the first group of dogs that 
omentum was quite adherent to the mesh and provided an excellent blood supply 
to the newly formed fibrous tissue infiltrating the graft. This was confirmed 
by histologic study which showed that practically all of the blood supply to 
the newly formed fibrous tissue arose from the omentum beneath the mesh and 
very little came from the subcutaneous tissues above it. 

We then used the same technique in patients, suturing the Marlex mesh 
to the under surface of the abdominal wall with through-and-through mattress 
sutures, thus placing the mesh in the same relative position as a boot in an 
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automobile tire. If properitoneal fat separated peritoneum from transversalis 
fascia, the peritoneum and fat were excised to permit implantation of the 
mesh directly against the transversalis fascia. Care was taken to spread the 
omentum under the mesh (to which it adhered tenaciously, without the neces- 
sity of suture fixation), and the mesh was then sutured under moderate 
tension to bridge the defect. No attempt was made to approximate fascial 
structures over the mesh; the subcutaneous tissues were closed directly over 
the graft. Catheters for suction drainage were placed over the graft and 
were left in place for 3 to 4 days (Fig. 4). 


Fig. 4.—Intraperitoneal technique. Repair of abdominal wall defect (due to excision of 
metastatic carcinoma of abdominal wall) with Marlex mesh. 


Seromas have been infrequent with this type of repair. We have encoun- 
tered only one in 16 patients. There are two possible explanations for the 
infrequency of seromas: first, less dead space created by this technique of 
implanting the mesh and, second, the omentum, lying directly under the mesh, 
probably hastens the absorption of postoperative serum and blood collections. 

Therefore, because of the greater mechanical advantage of placing the 
mesh in this position and because of the lower incidence of wound complications, 
we now prefer the intraperitoneal implantation technique to that first described. 
To date, we have used it to repair 14 incisional hernias and 2 defects due to 
excision of tumors of the abdominal wall. There have been no recurrences and 
only one wound complication, a seroma that responded to multiple aspirations. 

The flexibility and soft texture of the mesh make possible the intraperitoneal 
implantation of this material without fear of perforation of bowel or other 
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viscus. In 37 dogs in which the mesh was implanted in this intraperitoneal 
position, there were no instances of bowel perforation by fibers from the mesh. 
This has also been true in the 16 patients in whom it has been used in this 
manner. 


INTRAPLEURAL TECHNIQUE FOR REPAIRING CHEST DEFECTS 


A similar technique was used to replace chest wall defects secondary to 
excision of tumors of the ribs. The mesh was placed in an intrapleural position 
by suturing it to the inner aspect of the chest wall by means of through-and- 
through sutures encircling the ribs. A coarser and stiffer mesh was used for 
the chest wall defects, and care was taken to suture the prosthesis under 
moderate tension. When used according to the technique described, there was 
very little paradoxical motion and good support was obtained. Catheter sue- 
tion drains were placed superficial to the mesh, as in the hernia repairs. There 
were 8 patients in this series, all of whom had 2 or more ribs resected (one 
patient had 8 ribs removed). All 8 patients were without wound complications 
and a firm chest wall replacement was obtained in each case (Figs. 5 and 6). 


Fig. 5. Fig. 6. 


Fig. 5.—Intrapleural technique for repair of chest wall defect. 
Fig. 6.—lIntrapleural technique. Repair of chest wall defect (due to excision of fifth, 
sixth, and seventh ribs for chondrosarcoma) with Marlex mesh. 


REINFORCEMENT TECHNIQUE FOR INGUINAL HERNIAS 


During our early experience with the Marlex mesh we used it to reinforce 
the floor of the inguinal eanal in large direct inguinal hernias and in recurrent 
inguinal hernias. The mesh was sutured over the repaired inguinal floor and 
the external oblique fascia sutured over the mesh. In some eases the cord was 
exteriorized; in others it was placed in its normal position. Twenty-three 
patients had hernias repaired in this manner. There were no wound complica- 
tions and there has been one recurrence in this group (Figs. 7 and 8). 
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SUBFASCIAL TECHNIQUE FOR INGUINAL HERNIAS 


Following our favorable results in using the mesh in an intraperitoneal 
position in incisional hernias, we decided to apply the same technique to inguinal 
hernia repair. After ligation and excision of the indirect hernial sac (when 
present), the transversalis fascia in the floor of the canal was incised from the 
internal ring to the pubis. The epigastric vessels were ligated and transected 
unless they could be easily displaced by blunt dissection. Several Ochsner 
foreeps were placed on the superior margin of the incised transversalis fascia 
which was reflected upward, exposing its retroperitoneal surface. Using a 
rectangular piece of mesh measuring 314 by 114 inches, one long edge of the 


EXTERNAL OBLIQUE 
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Pig. 7. 
Fig. 7.—Reinforcement technique for inguinal hernias. 
Fig. 8.—Repair of inguinal hernia with Marlex mesh by reinforcement technique. 
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Fig. 9. Fig. 10. 


Fig. 9.—Subfascial technique for inguinal hernias. 
Fig. 10.—Repair of inguinal hernia with Marlex mesh by subfascial technique. 


mesh was sutured (by means of through-and-through mattress sutures) to the 
undersurface of the transversalis fascia and the conjoined tendon. The lower 
border of the mesh was sutured to Poupart’s ligament and a snug internal ring 
was created by placing 2 or 3 sutures through the internal oblique muscle and 
transversalis fascia lateral to the cord. The graft was thus placed in a sub- 
faseial position (relative to the conjoined tendon and the transversalis fascia) 
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and provided a firm replacement for the weakened inguinal floor. No attempt 
was made to suture the conjoined tendon to Poupart’s ligament over the mesh. 
The cord was placed in its normal position over the reconstructed inguinal floor 
and the external oblique fascia closed over the cord. Wound drainage was 
found to be unnecessary, as seromas rarely occurred (Figs. 9 and 10). 

This technique of placing the mesh in a subfascial position afforded a good 
reconstruction of the inguinal floor without tension. These patients were re- 
markably free of postoperative pain and were usually able to void postopera- 
tively without catheterization. This, we believe, is due to the absence of tension, 
a factor usually present in the more conventional types of repair. Thirteen 
patients have had their inguinal hernias repaired by this technique. There 
have been no wound complications and no recurrences. 















Contrary to our experience with the incisional hernias, we have found that 
any nonabsorbable suture can be used with the mesh in the repair of inguinal 
hernias. The absence of seromas and other wound complications is probably 
due to the deep implantation of the graft (under external oblique fascia and 
cord) and to absence of dead space. 








SUMMARY 







After 2 years’ experience with the mesh, we feel that it is of definite value 
as a prosthesis for hernia repair and replacement of other defects of the chest 
wall and abdominal wall. In a total of 109 cases we have had 3 recurrences of 
the defects. These patients have been followed-up for periods ranging from 
2 months to 2 years, the average follow-up being 12 months. The mesh does 
not complicate or retard wound healing in the event of infection. In none of 
our patients with wound infections has it been necessary to remove the mesh. 

The flexibility and softness of this prosthesis permits its use within the 
peritoneal cavity without the risk of erosion or perforation of intra-abdominal 
viscera by the fibers of the mesh. 

The intraperitoneal implantation of this mesh in the repair of incisional 
hernias and the subfascial implantation in inguinal hernia repair provides a 
new and mechanically sound type of reconstruction which we believe is superior 
to the more conventional techniques of using a prosthesis for reinforcement 
external to the musculofascial layers. 
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RESECTION OF THE AORTIC ARCH 
EXPERIMENTAL METHOD AND LONG-TERM RESULTS 
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MINNEAPOLIS, MINN. 


(From the Department of Surgery, the Veterans Administration Hospital,* and the 
University of Minnesota) 


ESECTION of the aortic arch presents a number of formidable technical 

problems? and in addition raises a number of questions in respect to the 
long-term results of such a procedure. The inability to interrupt the circu- 
lation to the entire body for more than a few minutes means that the procedure 
selected must either not exceed the time limit imposed or else circulation to 
the vital areas must be maintained in some other way, such as by means of a 
shunting technique® with or without the use of a pump-oxygenator.*’ Notable 
advances have been made, but the problem of technique still deserves attention. 
Secondary questions which might be raised are in regard to the physiologic 
consequences, if any, of resection of the aortic arch since this area not only 
contains important chemo- and baroceptors involved in circulatory homeostasis 
but is traversed and surrounded by autonomic nerve fibers and ganglia supply- 
ing the heart and lungs.* Damage or destruction to these structures might 
conceivably result in significant impairment of cardiovascular function. Fi- 
nally, the long-term behavior of homografts in this area is of interest since there 
is evidence that degenerative changes are more common and severe in the tho- 
racic aorta than in the abdominal aorta where homografts are concerned.® The 
present study was initiated to evaluate certain technical problems as well as to 
observe the physiologic consequences and long-term results of resection and 
homograft replacement of the aortie arch. 


METHOD AND PROCEDURE 


The method employed in these experiments entails the use of a special 
clamp which was designed to permit rapid coupling of blood vessels with only 
brief interruption of the circulation. This technique has been described in 
detail elsewhere.’ Briefly, the instrument consists of a split-ring arrangement 
(termed ‘‘jaws’’) mounted in individual handles which can be interlocked 
(Fig. 1). The eut end of a blood vessel to be anastomosed is passed through the 
ring, everted, and fixed in this position with fine pins. After the opposite 
vessel is similarly prepared the handles are interlocked; this brings the everted 
cut ends together to form a temporary ‘‘watertight’’ coupling. Blood flow 
which has been interrupted for the period of application is then restarted 
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following which the everted opposed cut ends are anastomosed in the conven- 
tional manner with silk suture technique. The clamp is then removed. The 
use of this instrument for resection and homograft replacement of the aortic 
arch presents a more formidable problem than that of replacing a simple seg- 
ment of the descending aorta. A number of preliminary experiments were 
made in an effort to determine which technique might be most suitable. One 
technique was decided upon and a series of operations was performed. All 
operations using this one technique are described in the present report. Homo- 
grafts were obtained fresh in most instances. Three grafts were sterilized in 
B-propiolactone and stored at 4° C. in Hank’s solution for a week or two prior 
to use. Operations were performed on adult mongrel dogs under pentobarbital 





pelebopnone) 














Fig. 1.—Special vascular anastomosis clamp. 


anesthesia using sterile technique. The left chest was entered through the bed 
of the fourth or fifth rib. The entire arch of the aorta from the level of the 
coronary arteries to the third or fourth intercostal arteries was mobilized along 
with the brachiocephalic and left brachial (subclavian) branches. A homograft 
of the aortic arch was then anastomosed end-to-side to the descending thoracic 
aorta with the distal end of the graft (Fig. 2, A). A lateral exclusion technique 
was employed permitting blood flow to the lower body. Next the proximal 
end of the graft was mounted on the jaws of one-half of a vascular anastomosis 
clamp and the other half was placed around the base of the ascending aorta 
of the experimental animal just above the coronary orifices. Cardiac inflow 
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stasis was then produced by means of tapes placed around the superior and in- 
ferior venae cavae. The ascending aorta was then transected approximately 
1.5 to 2.0 em. above the level of the coronary arteries and the cardiac end was 
coupled to the proximal end of the graft with the vascular anastomosis clamp. 
The distal end of the ascending aorta was clamped and tied with a heavy silk 
ligature pending removal. Blood flow was restarted as soon as coupling was 
completed. The coupled vessels were then anastomosed while blood flow was 
essentially normal following which the anastomosis clamp was removed. Next 
the brachiocephalic branch of the graft was similarly coupled to the peripheral 
end of the host vessel using the vascular anastomosis clamp (Fig. 2, B). The 
subelavian artery was anastomosed using conventional technique or in many 
instances it was simply ligated. Finally, the descending aorta of the experi- 
mental animal was divided a few millimeters above the end-to-side anastomosis, 
thereby completing the resection of the entire arch. The transected descending 
aorta was closed blindly (Fig. 2, C). All anastomoses were performed with 5-0 


A \e C 


\\y 





Fig. 2.—Diagrammatic representation of the experimental technique. A, End-to-side anas- 
tomosis of graft to descending aorta of recipient. B, Coupling of proximal ascending aorta 
to corresponding area of graft and similar handling of brachiocephalic branch. In reality 
ae are performed separately with completion of the anastomosis. C, The completed 
operation. 


arterial silk. Small transfusions of whole blood were frequently given during 
the operation. Penicillin was injected intramuscularly daily for 5 days there- 
after. For several weeks after operation, the animals were observed closely 
every day and their ability to stand, walk, eat, and drink as well as their gen- 
eral appearance was noted. Subsequently observations were made at intervals 
throughout the study. Animals dying were carefully autopsied and the cause 
of death was ascertained insofar as possible. The graft and adjacent aorta 
were carefully inspected and photographed and sections were taken for mirco- 
scopic examination where indicated. Aortograms were made periodically in all 
long-term survivors under anesthesia by direct injection of the left ventricle 
through a long 17-gauge needle. From 8 to 10 ¢.c. of 70 per cent Urokon was 
injected as rapidly as possible with exposure of the x-ray film being made as 
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the last cubie centimeter of dye was injected. As a measure of the animal’s 
ability to respond to stress the following procedure was carried out in long-term 
survivors. With the use of local procaine anesthesia a polyethylene catheter 
was inserted into the femoral artery by way of the saphenous branch. The 
catheter was filled with heparinized saline and connected to a Statham strain 
gauge for measurement of the blood pressure which was recorded on a Sanborn 
Twin-Viso recorder and calibrated against a mercury manometer. The heart 
rate was determined by counting the pulse tracings over a 10-second interval 
while the recording paper was running at a speed of 5 mm. per second. After 
recording the resting value over a period of several minutes, the dogs were 
exercised on a treadmill to which they had been previously familiarized. Exer- 
cise consisted of running at approximately four paces per second for 2 minutes 
with the treadmill placed horizontally. The recording was continued for 10 
minutes after completion of the exercise following which the experiment was 
repeated. After this, the animal was given 50 meg. of epinephrine in 1 ml. 
of saline by rapid intravenous injection and the pulse and blood pressure were 
recorded over a 10-minute period. This was also repeated once. Since exer- 
cise produced artifacts in the blood pressure record due to whipping of the 
catheter only the heart rates were compared in these experiments. Values 
obtained in 6 experimental dogs for exercise and in 5 experimental dogs for 
epinephrine injection were averaged and compared to the values obtained in 4 
normal control dogs. 


RESULTS 


The average period of interruption of blood flow during insertion of the 
graft was 2.5 minutes (range 1.3 to 6.0 minutes) for the proximal aortic coup- 
ling and 2.6 minutes (range 1.5 to 5.0 minutes) for the brachiocephalic coup- 
ling. Only two values exceeded 4 minutes. A total of 26 operations were 
performed. In 23 instances the insertion of the graft was accomplished. In 
three instances death occurred during operation from hemorrhage as a result 
of injury to the aorta or one of its branches during dissection. Eighteen ani- 
mals recovered from anesthesia; 5 others died within the first 24 hours without 
recovering from anesthesia. The latter cases were all attributable to shock 
secondary to excessive blood loss or repeated inflow occlusion of the heart. Of 
the 18 animals recovering from anesthesia, 17 appeared to be in good condition 
as manifested by their general appearance, the ability to stand and walk, eat 
and drink. One animal suffered from a transitory hindquarter paresis known 
to be due to air embolism resulting from failure to backflush the air from the 
homograft at the time of proximal aortic coupling. One other dog suddenly 
developed hindquarter paralysis 3 days after operation from which he gradually 
recovered completely. 

Eight dogs survived the postoperative period which is considered to be 
4 weeks. The remaining 10 dogs died during this time from a variety of com- 
plications. Three died of pneumonia or distemper, 3 died of infections of the 
chest wall or pleural space, and 4 died of hemorrhage. Of the latter 4 deaths, 
one resulted when a simple ligature slipped off the ligated subclavian artery, 
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one resulted from dehiscence of the subclavian anastomosis which had been 
performed in the conventional manner, one resulted from breakdown of both 
the subclavian and brachiocephalic anastomoses, and one occurred from the 
site of repair of a tear in the graft opposite the brachiocephalic branch second- 
ary to trauma from the Pott’s clamp. 

Of the 8 dogs surviving the postoperative period, one died suddenly 55 
days after operation from rupture of the homograft in its mid-portion. Exam- 
ination of the specimen at autopsy showed the suture lines to be intact. There 
was a ragged perforation about midway from the ends of the graft in the first 
part of the descending aorta. A large portion of the adjacent graft was de- 
nuded of intima and most of the media. 


A. B. 


Fig. 3.—A and B. Aortograms of two representative dogs in which the entire arch of the 
aorta was resected and replaced with a homograft approximately 28 months previously. 


The remaining 7 dogs are alive and in excellent condition as of this writing ; 
all have survived from 3 to 314 years since operation. These animals exhibit 
no apparent abnormalities to distinguish them from normal dogs. Each of 
these dogs has had three aortograms spaced approximately at 7, 16, and 28 
months after operation. The one surviving animal in which a graft preserved 
at 4° ©. in Hank’s solution was used shows diffuse moderate calcification of 
the graft. One other animal shows moderate narrowing at the sites of proximal 
aortie and brachiocephalic anastomosis which was present on the first aortogram 
and has not changed subsequently. This particular animal had had a dispro- 
portionately small graft as revealed by the operative note. All the remaining 
aortograms show widely patent, well-functioning grafts. 

The results of the exercise and epinephrine tolerance tests are shown in 
Figs. 4, 5, and 6. Apart from a high resting pulse rate, the responses of the 
experimental group are grossly similar to the control group. 
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DISCUSSION 


The results of resection and homograft replacement of the aortic arch in 
dogs by using a special vascular anastomosis clamp are believed to compare 
favorably with any of the experimental reports which have come to our atten- 
tion. > ™ It is readily admitted that the technical problems would be greater 
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Fig. 4——Mean resting pulse rates and responses to exercise in 6 dogs following graft 
replacement of the aortic arch 4 to 6 months previously and in 4 normal controls. 

Fig. 5.—Mean resting pulse rates and responses to the sudden injection of 50 meg. of 
epinephrine in 1 ml. of saline intravenously in 5 dogs with grafts of the aortic arch and in 4 
controls. 
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Fig. 6.—Mean resting femoral artery blood pressure and the response to epinephrine injection 
as in Fig. 5. 

in the resection of an aneurysm located in the aortic arch as contrasted to the 

removal of the normal arch. Whether this method would be of value in the 

surgical removal of such lesions in man remains to be determined. Recent 
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reports of successful removal of lesions of the aortic arch by using a pump- 
oxygenator to bypass the occluded area have been made.* It would seem rea- 
sonable that the method presented here might find application in conjunction 
with such a technique to shorten the period of perfusion or alternatively might 
possibly be used in conjunction with profound hypothermia. The primary 
reason for using the present method was to obtain a series of animals with 
homograft replacement of the aortic arch. This objective was attained. 

The long-term function of the aortic arch homografts has been surprisingly 
good to date. The one dog which expired relatively early with what appeared 
to be extensive dissolution of the graft was viewed as a grim omen of what to 
expect in the rest of the group. The wholly satisfactory subsequent course of 
the remainder of the group for periods ranging up to 314 years at the present 
time has been most gratifying. These animals have all remained in vigorous 
good health. Only one of the grafts has shown any evidence of calcification 
on x-ray and only one other graft has demonstrated any degree of narrowing 
of the anastomoses. In the latter case, the minimal narrowing was apparently 
related more to the disparity in size of the graft and recipient vessels than 
it was to any secondary changes in the graft itself. There has been no change 
with time in the appearance of the anastomotic sites on aortogram. It should 
be pointed out that all except one of the homografts used was obtained fresh 
shortly before operation. One might reasonably suspect that such grafts would 
be more likely to stand up well since they would be less exposed to the hazard 
of contamination and proteolytic changes which might result on prolonged stor- 
age. However, the function of aortic homografts is not related to their viability 


at the time of transplantation; it is now generally accepted that a homograft 
functions essentially as an inert seaffold of tissue which is able to perform the 
simple function of a conduit by wit of its strong fabric of elastic and fibrous 
tissue. There is good evidence that fresh grafts are more likely to be unsatis- 
factory because of electrical injury currents which predispose to thrombus 
formation.'® 1? 


The largest number of failures in the technique resulted in the early post- 
operative periods. While some of these failures are primarily related to the 
technique used, the majority of failures might reasonably be expected to be 
handled much better in humans where the use of chest drainage, close observa- 
tion of vital signs and pulmonary function, the use of blood replacement, and 
coughing, intratracheal suction, and tracheotomy would probably permit re- 
covery. 

The normal response to moderate exercise in dogs and man is an increase 
in heart rate and cardiac output with little or no increase in blood pressure.® 
In animals with denervation of the aortic arch and earotid sinus baroceptors, 
the resting heart rate is over twice that of intact animals and relatively little 
increase results with exercise.° Epinephrine injected in moderate doses intra- 
venously (0.5 to 2.0 meg. per kilogram of body weight) results in elevation of 
both the systolic and diastolic blood pressure and slowing of the heart rate. 
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The effect of baroceptor denervation on the blood pressure changes after epi- 
nephrine injection is under debate, but all authors seem to agree that cervical 
vagotomy results in cardioacceleration in response to epinephrine in contrast 
to cardioinhibition in the intact animal.* 

The data obtained from studies of dogs with replacement of the aortie arch 
are interpreted as showing essentially normal responses to exercise and epineph- 
rine injection. The fact that resting heart rate is distinctly elevated, however, 
does suggest some abnormality, the nature of which is not clear. 


SUMMARY 


A method is described for resection and homograft replacement of the 
aortic arch in dogs by using a special vascular anastomosis clamp in conjunction 
with brief interruption of the circulation. The method was used in 26 dogs. 
Three dogs died during operation and 5 more died shortly after operation sec- 
ondary to blood loss and technical failures during operation. Eighteen dogs 
recovered from anesthesia and appeared to be in good condition initially. Ten 
more dogs died in the following 4 weeks from a variety of complications. One 
dog died after 2 months apparently from dissolution of his homograft. The 
remaining 7 dogs have been followed for periods ranging from 3 to 314 years. 
All of the latter 7 have remained in vigorous good health with no gross evi- 
dence of physiologic impairment of cardiovascular function. X-rays of the 
chest and aortograms have not demonstrated major abnormalities. 
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THE BENEFICIAL EFFECTS OF CORONARY PERFUSION ON THE 
HYPOTHERMIC MYOCARDIUM DURING CAVAL OCCLUSION 


J. A. DEWEESE, M.D., T. I. Jones, M.D.,* A. McCoorp, M.D., AND 
E. B. Manoney, M.D., Rocuester, N. Y. 


(From the Departments of Surgery and Pediatrics, University of Rochester School of 
Medicine and Dentistry) 


HE intolerance of the heart to prolonged periods of venous inflow tract oc- 
Sasee has been one of the major limitations to the use of hypothermia for 
open heart surgery. The heart’s intolerance is manifested by ventricular fibril- 
lation or myocardial failure. The perfusion of the coronary vascular system 
with blood during periods of inflow tract occlusion can decrease the incidence 
of ventricular fibrillation? and improve the tone of the hypothermic myo- 
eardium.® 1° 2° The result is an inerease in the safe period of venous inflow 
tract occlusion.” +7 '* The beneficial effects of the coronary perfusion of 
blood have been observed with perfusion rates less than the normal coronary 
blood flow.?}® Therefore, a study of the metabolic effects of such a low flow 
coronary perfusion seemed indicated. 

We have performed qualitative acid-base metabolic studies on the hypo- 
thermic myocardium in the following situations: (1) with venous inflow tract 
occlusion alone, (2) with complete cardiae exclusion and coronary perfusion of 
warmed plasma, and (3) with complete cardiac exclusion and the coronary per- 
fusion of warmed, oxygenated, heparinized blood. These studies were carried 
out on fibrillating and nonfibrillating hearts. The whole blood coronary per- 
fusion minimizes or prevents the myocardial acidosis which develops during in- 
flow tract occlusion, improves myocardial tone, increases the safe period of oc- 
clusion, and decreases the incidence of ventricular fibrillation. 


METHOD 


Thirty-five mongrel dogs, fasted for 20 hours, were anesthetized with so- 
dium Pentothal. A catheter was introduced into the femoral artery and passed 
to the level of the low thoracic aorta. The dogs were then surface cooled in 
water at 4° C. to rectal temperatures of 26° to 30.4° C. Respirations were con- 
trolled from the onset of cooling by the use of a cuffed endotracheal tube and 
intermittent positive pressure oxygen. The lungs were hyperventilated prior to 
inflow tract occlusion. Through a right fifth intercostal space thoracotomy, the 
superior and inferior venae cavae, base of the aorta, and both lung roots were 
mobilized. The inflow tract was occluded, the respirations stopped, a right 
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atriotomy performed, and the coronary sinus directly cannulated with a Foley 
catheter for the continuous collection of blood during the period of occlusion. 
The dogs studied for changes with inflow tract occlusion alone had no further 
manipulations. In dogs which had coronary perfusion, complete cardiae exelu- 
sion was achieved by occluding the ascending aorta and both lung roots. Per- 
fusion was carried out through a curved No. 17 needle placed into the base of 
the aorta proximal to the occluding clamp. (Fig. 1.) 


’ Fig. 1.—Method of exclusion of heart from the circulation and coronary perfusion. Supe- 
rior vena cava (S.V.C.) and inferior vena cava (I.V.C.) are occluded. Coronary sinus (C.5.) 
is Cannulated with a Foley catheter. Both lung roots are occluded. Ascending aorta Is oc- 
cluded. Perfusion performed through curved needle in base of the aorta. 


The perfusates were prepared in the following manner. Heparinized donor 
blood was obtained the morning of the experiment. The donor blood was then 
transfused into the experimental dog during the thoracotomy while arterial 
blood was being withdrawn from the experimental dog and heparinized for use 
as the perfusate. If plasma was to be used as the perfusate, it was prepared 
from the heparinized blood the day before the experiment and stored at a tem- 
perature of 4° C. until shortly before being used. The blood or plasma perfusate 
was warmed and kept at a temperature of 36° to 38° C. in a water jacket during 
perfusion. Perfusion was predominately by gravity but assisted by hand pump- 
ing of the pressure transfusion set. The flow rate ranged from 1.5 to 3.2 ce. 
per kilogram of body weight per minute. 


Intermittent blood pressures were recorded during periods of inflow tract 
occlusion. Samples of blood were taken from the perfusate, the aorta, and in 
some instances from the coronary sinus just before inflow tract occlusion. Dur- 
ing perfusion, continuous samples of blood were obtained from the coronar) 
sinus. The length of collection periods was varied to ensure obtaining enougl) 
blood for analysis. The pH was determined with a Beckman glass electrode pl 
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meter. The CO, content was obtained by the method of Van Slyke. The lactic 
acid concentration was measured by the method of Barker and Sommerson. 


At the end of the collection period the catheter was removed from the 
coronary sinus and the right atriotomy was closed, after the atrium was filled 
with blood or saline. The aortic and lung root occlusions were released. The 
venae cavae were then released and the heart was observed. If the myocardial 
tone was not adequate enough to maintain an arterial blood pressure of 45 mm. 
Hg, the heart was massaged. If ventricular fibrillation was present or de- 
veloped during this period, the hearts were defibrillated in the following man- 
ner. The inflow tract and the ascending aorta were occluded. The coronary 
system was then perfused with a one milliequivalent per milliliter solution of 
potassium chloride until complete arrest of the heart was achieved as determined 
by the electrocardiograph. The heart was then massaged until it became ‘‘re- 
sponsive’’ as determined by the tone of the myocardium and the occurrence of 
ventricular contractions with stimulation of the interventricular septum. At 
that moment 20 ¢.c. of a 50 per cent solution of glucose was given intravenously. » 
Massage was continued until spontaneous ventricular contractions were strong 
enough to maintain a blood pressure of at least 45 mm. Hg. All animals were 
observed for at least 2 hours. Many were rewarmed and returned to the animal 
house, but no special measures were taken to obtain survivors. 


RESULTS 


Group I. (Ten dogs which had inflow tract occlusion for 12 minutes with- 
out coronary perfusion.) (Table I and Fig. 2.)—During the period of inflow 


tract occlusion, the myocardium became eyanotie or pale and developed a poor 
tone in all of the 10 dogs. Two dogs developed ventricular fibrillation during 
this period. Six of the animals in this group received coronary perfusion after 
12 minutes of occlusion and are ineluded in Group III. The 4 nonperfused 
hearts required massage to maintain effective blood pressures when occlusion 
was released and 2 of the 3 nonfibrillating hearts developed fibrillation during 
massage. The blood flow from the coronary sinus was measured in 6 of the ex- 
periments and ranged from 18 to 60 ¢.c. with an average flow of 34 ¢.c. Since 
the inflow tract was occluded, flow was dependent upon the residual blood pres- 
sure in the base of the aorta. The aortic blood pressure was measured in 4 
animals during the period of inflow tract occlusion. The pressure remained at 
levels of 10 to 30 mm. Hg during the first 6 minutes of occlusion but then 
rapidly fell over the next 6 minutes. The pH of the coronary sinus blood collec- 
tion during the first 3 to 6 minutes of inflow tract occlusion was similar to the 
pH of preocclusion coronary sinus blood, but thereafter it rapidly decreased. 
The pH decrease was most marked in one of the 2 dogs in which fibrillation oc- 
curred during the period of inflow tract occlusion. The plasma CO, content of 
the last coronary sinus collection during inflow tract occlusion was equal to or 
lower than the preocclusion value. The lactic acid concentrations in the late 
coronary sinus collection were higher than the preocelusion aortic or coronary 


sinus samples. 
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Group II. (Five dogs which had coronary perfusion of warmed heparin- 
ized plasma after 6- to 7-minute periods of cardiac exclusion.) (Table I and 
Fig. 3.)—The myocardium became cyanotic in these animals during the 6 to 7 
minutes of inflow tract occlusion prior to perfusion. During the period of 
coronary perfusion with plasma, the myocardium became increasingly pale and 
had poor tone. After 16 to 20 minutes of cardiac exclusion the hearts were 
returned to the circulation. All of them required massage and 4 of the 5 de- 
veloped ventricular fibrillation within 4 minutes. The pH values in the coronary 
sinus collections during the periods of perfusion were all below the values in the 
plasma perfusate and in general continued to fall during the perfusion. The 
plasma CO, contents in the coronary sinus blood progressively decreased during 
the period of perfusion in 4 of 5 dogs. The lactic acid concentration in the 
coronary sinus blood progressively increased during the period of plasma per- 
fusion to values above those in the perfusate. 

Group III. (Six dogs which had coronary perfusion of warmed, oxy- 
genated, heparinized blood after a 12-minute period of inflow tract occlusion.) 
(Table I and Fig. 4.)—This group of 6 dogs were actually Group I dogs which 
had complete cardiae exclusion and the coronary perfusion of blood initiated 
after a 12-minute period of inflow tract occlusion. There was a marked improve- 
ment in the color and tone of myocardium during the period of perfusion. 
Although these dogs had had 23- to 27-minute periods of inflow tract occlusion, 
the hearts did not have to be massaged on return to the general circulation and 
none of them subsequently developed ventricular fibrillation. The pH of the 
coronary sinus blood increased markedly during the 10- to 12-minute period of 
perfusion and in 2 of the 6 dogs it reached levels equal to those in the coronary 
sinus blood prior to inflow tract occlusion. The plasma CO. content of the 
coronary sinus blood increased to values above those recorded late in the period 
of inflow tract occlusion alone. The lactic acid concentrations in the coronary 
sinus blood decreased markedly during perfusion and approached closely the 
concentrations in the perfusate. 

Group IV. (Six dogs which had coronary perfusion of warmed, oxy- 
genated, heparinized blood after a 4- to 614-minute period of cardiac exclusion. ) 
(Table I.)—The color and tone of the myocardium improved during the 6- to 
10-minute period of perfusion in these 6 dogs. Three of the dogs did require 
cardiac massage after 14- to 24-minute periods of inflow tract occlusion, and 2 
dogs developed ventricular fibrillation within 10 minutes of return of the heart 
to the general circulation. The pH of the coronary sinus blood increased dur- 
ing perfusion. The plasma CO, content increased slightly in the coronary sinus 
blood during perfusion in 2 dogs and decreased slightly in 4 of the dogs. The 
lactie acid concentrations in the coronary sinus blood decreased but did not 
reach the levels in the perfusate. 

Group V. (Five dogs which had coronary perfusion of warmed, oxy- 
genated, heparinized blood within one minute of cardiac exclusion.) (Table I 
and Fig. 5.)—The myocardium remained pink and of good tone throughout the 
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13- to 16-minute period of inflow tract occlusion. However, one dog did re- 
quire massage for a brief period after return of the heart to the general circula- 
tion. The pH of the coronary sinus blood remained remarkably constant during 
perfusion and at high levels. The plasma CO, content of the coronary sinus 
blood remained at levels above that of the perfusate throughout the period of 
the perfusion in all of the experiments. The lactic acid concentrations in the 
coronary sinus blood remained at low levels and in 2 of the dogs the concentra- 
tion fell below that of the perfusate. 


Fig. 2. 
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Fig. 4. Fig. 5. 

_ Fig. 2.—Changes in coronary sinus blood without coronary perfusion. Control pH and 
lactic acid concentrations in the aorta and in the coronary sinus blood are recorded. There is 
a progressive decrease in pH and increase in lactic acid concentration during inflow tract 
occlusion alone. 

_. Fig. 3.—Changes in coronary sinus blood with plasma perfusion. The pH and lactic 
acid concentrations in the plasma perfusate are recorded. There are a marked decrease in pH 
and increase in lactic acid concentration during inflow tract occlusion and perfusion. 

_ Fig. 4.—Changes in coronary sinus blood during perfusion of blood after a 12-minute 
period of inflow tract occlusion. With perfusion there is an increase in the pH and a decrease 
in the lactic acid concentrations toward preinflow tract occlusion levels. 

Fig. 5.—Changes in coronary sinus blood with early coronary perfusion of blood. The 
i reeatas at high levels and the lactic acid concentrations remain at low levels during 
perfusion. 


Group VI. (Four dogs which developed ventricular fibrillation before in- 
flow tract occlusion but had the coronary perfusion of warmed, oxygenated, 
heparinized blood during cardiac exclusion.)—Although ventricular fibrillation 
continued during the period of perfusion, the color and tone of the myocardium 
improved. The initial pH’s of the coronary sinus blood were the lowest that we 
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observed. However, during the period of perfusion 3 of the 4 dogs exhibited 
marked inereases in the pH level. The plasma CO, content of the coronary 
sinus blood also increased during perfusion in 3 of the 4 dogs. The lactie acid 
concentration of the coronary sinus blood decreased during the period of per 
fusion but never reached the level in the perfusate. 


Group VII. (Three dogs which developed ventricular fibrillation after the 
onset of inflow tract occlusion and had immediate coronary perfusion of warmed, 
oxygenated, heparinized blood.)—Ventricular fibrillation persisted during the 
period of perfusion but the color and tone of the myocardium remained good. 
The pH of the coronary sinus blood was obtained in 2 of the 3 dogs and in- 
creased during the period of perfusion. The plasma CO, content of the coronary 
blood deereased slightly during the period of perfusion. Lactie acid con- 
centrations were obtained in only one dog but showed progressive decreases dur- 
ing perfusion. 

Group VIII. (Two dogs which developed ventricular fibrillation after the 
onset of inflow tract occlusion and had immediate coronary perfusion of warmed 
plasma.)—The myocardium became paler and tone became poor during the 
period of perfusion. The ventricular fibrillation persisted. The pH of the 
coronary sinus blood remained at extremely low levels during perfusion in the 
one dog on which values were obtained. The plasma CO. content decreased 
during the period of perfusion. The lactic acid concentration remained elevated 
above that of the perfusate during perfusion. 


Fibrillation.—Four of the 35 dogs included in this report developed ven- 
tricular fibrillation before the venous inflow tract to the heart was occluded. 
Seven hearts fibrillated during a period of inflow tract occlusion without cor- 
onary perfusion. Eight hearts fibrillated soon after the return of the heart to 
general circulation. Six of these 8 instances of ventricular fibrillation occurred 
in dogs which either had no coronary perfusion or had the coronary perfusion 
of plasma. Two of the 8 instances occurred in dogs which had the coronary 
perfusion of blood during the period of inflow tract occlusion. (Table II.) 
Defibrillation was attempted in 18 of the 19 hearts which had ventricular fibril- 
lation. One returned to a normal sinus rhythm with massage alone. Defibril- 
lation by potassium chloride arrest, massage, and the intravenous injection of 
hypertonic glucose during the responsive phase was utilized in 17 dogs and was 
successful in 15 dogs. Four dogs required only one arrest. Eight dogs de- 
veloped recurrent fibrillation and required a second arrest. Two dogs developed 


TABLE II. FIBRILLATION FOLLOWING RELEASE OF INFLOW TRACT OCCLUSION 








| NUMBER DOGS | FIBRILLATED 





Anoxie myocardium 
No perfusion 
Plasma perfusion 


Protected myocardium 
Late blood perfusion 
Early blood perfusion 
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recurrent fibrillation and required a third arrest. Defibrillation was finally 
achieved in one dog after 6 periods of induced arrest and massage. The elec- 
trocardiogram appeared normal in the average time of 18.5 minutes from the 
last potassium arrest in these 15 dogs. 


DISCUSSION 


The coronary sinus blood became progressively acidotie during a 12-minute 
period of venous inflow tract occlusion of the hypothermic heart. This progres- 
sive decrease in the pH of the coronary sinus blood is accompanied by minor 
decreases in the plasma bicarbonate concentrations and more marked increases 
in the lactic acid concentrations. Since the pH changes are more marked than 
the bicarbonate changes, the acidosis cannot be attributed solely to increased 
concentrations of lactic acid and other fixed acids, but must also be related to 
an elevated CO. tension in the blood. The elevated CO, tension could be re- 
lated to the decreased blood flow with decreased clearing of excess CO.. The 
increased concentrations of lactic acid could be related to hypoxia or decreased 
coronary flow. The oxygenated heart is known to utilize lactie acid. © 7% Lae- 
tic acid concentrations in the coronary sinus in excess of those in the aorta, as 
we have observed, have been reported only in the animals which have been 
rendered hypoxic® * or have received Pitressin which constricts the coronary 
vessels and decreases the coronary blood flow.‘* During occlusion there is both 
decreased coronary flow and hypoxia. The coronary flow is approximately one- 
fifth normal flow during a 10-minute period of inflow tract occlusion. The myo- 
eardium is deprived of oxygen not only by a decrease in the coronary flow, but 
also by a gradual decrease in the oxygen saturation of the aortic blood to about 
40 per cent over a 10-minute period of inflow tract occlusion.’ 

The coronary perfusion of a warmed plasma did not alter the progressive 
acidosis in the coronary sinus blood observed with inflow tract occlusion. The 
pH continued to decrease, the bicarbonate concentration continued to decrease, 
and the lactic acid levels continued to rise. Despite the flow of plasma through 
the coronary system to decrease the CO, tension, the pH fell. Similarly, lactic 
acid levels of the coronary sinus remained above the level of the perfusate and 
rose progressively during the perfusion suggesting increased production of lactic 
acid by the myocardium. Therefore, hypoxia and not a decreased coronary flow 
seems to be responsible for the acidosis occurring in the coronary sinus blood 
during inflow tract occlusion. The absence of the red blood cell buffering eca- 
pacity of blood may also account for some of the acidosis with plasma perfusion. 

Further evidence that hypoxia was responsible for the acidosis is sup- 
ported by the fact that coronary perfusion of warmed, oxygenated, heparinized 
blood favorably affected the acidosis occurring during inflow tract occlusion. If 
the blood perfusion was started after 4 to 12 minutes of inflow tract occlusion, 
the pH of the coronary sinus blood rose, the bicarbonate concentration remained 
at high levels, and the lactic acid concentrations decreased during the period of 
perfusion. In two instances when perfusion was started earlier, lactic acid con- 
centrations remained at lower levels than those in the perfusate, signifying ade- 
quate oxygenation of the myocardium. 
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Acidosis in the presence of ventricular fibrillation can be improved or 
partially prevented by the coronary perfusion of blood. This has a strong clini- 
eal implication. Should ventricular fibrillation occur during inflow tract oe- 
clusion, severe myocardial acidosis secondary to hypoxia can be totally or par- 
tially prevented if coronary perfusion is being used. In addition, defibrillation 
is more easily accomplished on a well-oxygenated myocardium.*” *® ** 

The pH changes in the coronary sinus blood and therefore the probable 
changes in myocardial oxygenation have correlated well with gross observa- 
tions of the myocardium. During inflow tract occlusion, the heart became 
cyanotic and the myocardial tone became poorer. The myocardium did not 
improve with plasma perfusic1 but did with blood perfusion. This favorable 
effect of the coronary perfusion of blood during inflow tract occlusion had 
been previously reported by others.'® *° 

Although it was not our primary aim to study the effect of coronary per- 
fusion on the incidence of ventricular fibrillation, the value of the coronary 
perfusion of blood was apparent (Table Il). There was a much higher inci- 
denee of ventricular fibrillation following return of the heart to the general 
circulation in hearts which had no perfusion or plasma perfusion than in those 
which were perfused with blood. This correlates well with the observations 
of the others,? and again stresses the importance of a well-oxygenated myo- 
eardium during hypothermia. 

Although the oxygen content of the perfusate blood is undoubtedly re- 
sponsible for its value, there are other important characteristics of the method 
of perfusion we used. The blood was warmed and maintained at 36° to 38° C. 
Such blood will increase the temperature of the myocardium 2° to 5° C.° and 
may account for some decrease in the incidence of ventricular fibrillation. 
Heparinized blood was used to avoid the eardiae arrest and ventricular fibrilla- 
tion observed with citrated blood. ** Although gravity perfusion was used 
beeause of theoretical possibility of pulsatile flow allowing aortie regurgita- 
tion, we did not hesitate to assist the perfusion with hand pumping since 
pulsatile flow probably does not result in aortic regurgitation when the heart 
is empty and the pressures exerted by cardiae action are decreased.'* Care 
was taken not to exert high pressures during the pumping which may cause 
ventricular fibrillation and myocardial hemorrhage.’ Of particular interest 
were the favorable effects of perfusion that were noted at flow rates which 
were below normal. The normal coronary flow at 26° to 28° C. is probably 
about 4 ¢.c. per kilogram of body weight per minute.* Our flow rates ranged 
from 1.5 to 3.2 ¢.e. per kilogram per minute. 

Swan and associates*? utilized potassium chloride to arrest the hypothermic 
heart which had developed ventricular fibrillation. The heart was then re- 
suscitated with massage and ealcium chloride. Mavor and co-workers’ 
demonstrated the value of the intravenous injection of hypertonic glucose 
during the “responsive phase” of the heart which had been arrested with po- 
tassium chloride. They demonstrated that the return of spontaneous heart 
action and a normal electrocardiogram could be significantly hastened by their 
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method. We were able to treat successfully ventricular fibrillation in 15 of 17 
dogs by this method with an average electrocardiographie recovery time of 
18.5 minutes. 

SUMMARY 


1. Coronary sinus blood becomes acidotic during periods of venous inflow 
tract occlusion of the hypothermic heart. The acidosis persists during com- 
plete cardiac exclusion with the coronary perfusion of warmed plasma. How- 
ever, the perfusion of warmed, oxygenated, heparinized blood tends to correct 
or prevent the acidosis. It is probable that the acidosis is secondary to hypoxia. 

2. There was a high incidence of myocardial failure and ventricular 
fibrillation in the period after inflow tract occlusion in dogs which exhibited 
acidosis of the coronary sinus blood during inflow tract occlusion. This incidence 
was decreased in dogs in which the acidosis had been partially corrected or 
prevented by the coronary perfusion of warmed, oxygenated, heparinized blood. 

3. The treatment of ventricular fibrillation with potassium chloride arrest, 
massage, and intravenous injection of hypertonic glucose during the respon- 
sive phase continues to be effective in our hands. . 


The sodium Pentothal used in the experiments was supplied by the Abbott Laboratories. 
We would like to thank Miss Carol Ann Higley and Mrs. Marjorie Gabel for their assistance 
in completing these studies. 
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THE SIGNIFICANCE OF ANOMALOUS VERTEBRAL-BASILAR ARTERY 
COMMUNICATIONS IN OPERATIONS ON THE HEART AND 
GREAT VESSELS 


AN ILLUSTRATIVE CASE WITH REVIEW OF THE LITERATURE 


GEORGE I. THomaAs, M.D., KENNETH N. ANDERSON, M.D., Raymonp F. Hain, 
M.D., AND K. ALVIN MERENDINO, M.D., SEATTLE, WASH. 


(From the Departments of Surgery and Pathology, University of Washington 
School of Medicine) 


: preparing for total cardiopulmonary bypass procedures, the arterial cannu- 
lation may be achieved by a number of routes. These include the subclavian 
and femoral arteries, and direct aortic cannulation by means of a diverticulum 
attached either to the ascending or descending aorta.” ® © * 15 1618 Each of 
these routes apparently has been used without known complications directly 
ascribable to the specific vessel involved. Consequently, the choice of vessels 
has remained a matter of individual preference of the surgeon, without cogni- 
zance of any major potential hazards other than technical ones. 

Within the pleural space, a mobilized, distally ligated and proximally 
severed subclavian artery is an excellent channel for cannulating the aorta. 
In general, this vessel can be sacrificed with relative impunity after cardio- 
pulmonary bypass, and the effect of distal ligation on the upper limb is usually 
of no apparent major consequence except in the temporary loss of a palpable 
radial pulse. However, the gangrenous loss of the forearm has been reported 
following division and ligation of the subclavian for the performance of the 
Blalock-Taussig procedure.'* 7° 

During the initial stages and early experience with a pump-oxygenator, 
the subelavian artery was utilized for the arterial input. For technical rea- 
sons, the vessel was mobilized so that the internal mammary and the vertebral 
arteries were sacrificed. An unexpected complication occurred, which is illus- 
trated by the following case. 


CASE REPORT 


J. F., KCH No. 354816, a 26-year-old white man, was admitted to the King County 
Hospital on Oct. 26, 1957, for operative correction of an interventricular septal defect. 
His symptoms were those of dyspnea on exertion, palpitation, and fatigability. His gen- 
eral physical examination was negative, except for a pansystolic Grade 4 systolic murmur. 
Cardiac catheterization disclosed a shunt at the ventricular level amounting to 4.5 L. per 
minute, or 55 per cent of total pulmonary blood flow. The pulmonary artery pressure was 
70/40 (mean 56 mm. Hg). The pulmonary vascular arteriolar resistance was calculated 
at 513 dynes /em.-5 

Supported in part by U.S. Public Health Research Grants No. H-1110 and No. H-3379, 
funds from the Washington State Heart Association, and Initiative 171 Funds from the State 


of Washington for Research in Biology and Medicine. 
Received for publication Feb. 9, 1959. 
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On October 31, 1957, a bilateral transsternal thoracotomy through the right fourth 
and left third intercostal space was carried out. The proximal branches of the left sul 
clavian artery, namely, the internal mammary and vertebral arteries, were ligated at their 
origin, and the subclavian was severed for arterial cannulation. A No. 20 plastic catheter 
was introduced into the ascending aortic arch. Cardiopulmonary bypass, potassium citrate 
cardioplegia, and right ventriculotomy were performed in that order. Direct suture of two 
muscular defects was accomplished without incident. 

The total perfusion rate was 3,200 c.c. per minute (52 ¢.c. per kilogram per minute), 
with a recorded mean intra-arterial pressure of 75 mm. Hg during this period. After 21 


minutes of cardiac arrest, a normal sinus rhythm of the heart was restored, and the bypass 
The blood pressure stabil- 


7 


procedure terminated after a total bypass period of 37 minutes. 
ized at 110 to 120 mm. Hg systolic. The blood pH, hematocrit, and plasma hemoglobin 
levels were not remarkable. 

Following closure of the chest and the termination of anesthesia, the patient re- 
mained unconscious. The vital signs and serial pH determination remained normal. A 
tracheotomy was performed 8 hours after operation. Peripheral vasoconstriction and 
cyanosis appeared, and were thought to be central in origin. Apnea occurred 20 hours 
postoperatively, and the patient was placed in a Drinker respirator. 
gradually developed, and he died 45 hours following operation. At no time were there 
localizing cerebral signs or convulsions. 


Hypotension then 


Autopsy Report.—The significant findings at autopsy were limited to the heart and brain. 


Heart: The heart weighed 650 grams. It had an enlarged, dilated right ventricle, the 
wall of which was 8 mm. in thickness. The left ventricle appeared normal and measured 
12 mm, in thickness. There was a large pulmonary artery, which measured 3.4 em. in 
diameter, with a dilated pulmonary valve which was 13 cm. in circumference. The aortic, 
tricuspid, and mitral valves were normal. Two muscular interventricular septal defects 
were closed by sutures, with the exception of one probe-patent small opening. No other 
defects were present. 

Brain: The brain weight was 1,575 grams. The cerebral hemispheres were swollen with 
bilateral uncal herniation and softening of the medial portions of the hippocampal gyri. 
The tonsils, as well as the medial portions of the biventer lobes of the cerebellum, were 
soft, necrotic, and herniated into the foramen magnum. The pons and medulla were un- 
usually soft and swollen. The cerebellum was soft with loss of its usually well-demarcated 
architecture. This alteration was most pronounced on its ventral aspect. The configura- 
tion of the posterior half of the circle of Willis was abnormal. (See Fig. 2. Compare 
with Fig. 1 for standard vascular pattern.) The left vertebral artery continued as the 
basilar artery, as in the normal configuration. The right vertebral artery, on the other 
hand, was considerably smaller in external diameter than the left, and was bifurcated a 
few millimeters cephalad of the origin of the posterior inferior cerebellar artery. The 
smaller of its two branches contributed to the formation of the basilar artery, the external 
diameter of this vessel being considerably narrowed as it joined the left vertebral artery. 
Its second branch joined an anomalous anteroinferior cerebellar artery just distal to the 
latter’s emergence from the basilar artery. Thus, the basilar artery received its blood 
supply almost exclusively from the left vertebral artery. The left posterior cerebral artery 
arose from the left internal carotid artery rather than the basilar artery. A very filamentous 
vessel connected the basilar artery with the left posterior cerebral artery. The right 
posterior cerebral artery was formed as a continuation of the basilar artery with a pos- 
terior communicating artery joining it with the right internal carotid artery. The an- 
terior and middle cerebral arteries were normal. None of these vessels showed significant 
arteriosclerosis. 

Histologically, hypoxic cytodegenerative changes were seen in neurons in all sections 
from the cerebral hemispheres, brain stem, and cerebellum. These were most severe and 
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Fig. 1.—Diagram of the arterial circulation at the base of the brain. 





_, Fig. 2—J. F., KCH No. 354816. Following ligation of the left vertebral artery at its 
origin from the subclavian artery, pontine and medullary ischemia with cytodegenerative 
changes resulted in death 45 hours postoperatively. The anomalous vertebral-basilar vas- 
culature is illustrative of a dominant left vertebral artery contribution to the basilar artery. 
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extensive in the brain stem. In addition to these diffuse alterations, there were foci o1 
necrosis in the pons and medulla. The latter involved the medial reticular nuclei, bilater 
ally. There were no histologic changes indicative of air or fibrin emboli. 

Comment.—A reasonable clinicopathologic correlation can be made in this case. Liga 
tion of the left vertebral artery deprived the basilar system of its major blood supply. 
The anomalous contralateral vertebral artery and the other existing communications to the 
posterior circulation were inadequate to provide sufficient blood to the brain stem. The 
resultant ischemia of the pons and medulla resulted in degenerative changes which were 
fatal within 45 hours. The diffuse hypoxic changes throughout the remainder of the brain 
were presumably secondary to the respiratory failure, which resulted from ischemia of the 
brain stem. 

The findings in this case prompted a search for additional documentary evidence of 
the potential hazard of sacrificing a vertebral artery in cardiopulmonary bypass procedures. 
From our own autopsy files of routine autopsied cases during the year 1957, two records 
were found without difficulty, indicating that anomalous vertebral-basilar artery communi- 
cations are not uncommon. Figs. 3 and 4 illustrate the abnormalities in both instances. 
In Fig. 3, the right vertebral artery continues directly as the posterior inferior cerebellar 
artery, with the basilar artery being formed exclusively by the left vertebral artery. In 
addition, the communication with the internal carotid system, via the posterior communi- 
cating arteries, is virtually nonexistent. Thus, if this left vertebral artery were ligated, 
one would anticipate total ischemia of the brain stem. In Fig. 4, a marked discrepancy is 
apparent in the size of the vertebral arteries. The right vertebral artery appears to be 
almost vestigial in nature. Again, ligation of the left vertebral artery would be expected 
to result in ischemia of the brain stem. 


ORIGINAL STUDY AND REVIEW OF THE LITERATURE 


The statistical significance of this potential hazard was investigated by a 
study of vertebral-basilar arterial systems in 70 consecutive adult brains.’ The 
vessels of the fresh autopsied material were measured with calipers to an ac- 
euracy of 0.5 mm. Arbitrarily, a twofold variation in caliber between the 
paired vertebral arteries was considered significant, since this indicated a 
fourfold difference in cross-sectional area. In 8 specimens (12.3 per cent), the 
right vertebral artery was significantly smaller than the left. In 3 specimens 
(4.6 per cent), the left was smaller than the right. No specimen exhibited 
partial occlusion of the lumen of the vertebral artery by an arteriosclerotic 
plaque, which might have affected the size relationships. In 2 specimens, one 
on the right and one on the left, the vertebral artery terminated as the pos- 
teroinferior cerebellar artery, and sent only a filamentous vessel to join with 
the contralateral vertebral artery. Both were anatomically identical to the 
arrangement illustrated in Fig. 3, and represent the extreme in vertebral artery 
variations. 

In addition to the anatomic variations in adults, similar discrepancies were 
observed (R. H.) between the vertebral arteries in the brains of 20 infants and 
children. Although this is a small sampling, it indicates that these anomalies 
are, in the main, congenital in origin, although acquired disease in the form of 
arteriosclerotic plaquing may produce difficulties de novo or worsen any exist- 
ing congenital abnormality. The study by Stopford,** in which all cases with 
arteriosclerotic changes were eliminated, is further evidence in support of the 
congenital origin of these anomalies. Thus, vertebral-basilar artery anomalies 
present the same potential hazard to all age groups. 
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Fig. 3.—UW-Path No. HU-4108. A, Anomalous right vertebral artery that terminates 
as the right posterior inferior cerebellar artery and communicates with the basilar artery by 
means of a diminutive vessel. It is apparent that if the patient’s left vertebral artery were 
sacrificed, a fatality undoubtedly would result. 

B, Identification of the ‘‘posterior circulation”: A.C.A., anterior cerebral artery; A. Comm. 
A., anterior communication artery; A.J.C.A., anterior inferior cerebellar artery; A.S.A., ante- 
rior spinal artery; J.C.A., internal carotid artery; M.C.A., middle cerebral artery; P.C.A., Pos- 
terior cerebral artery; P. Comm. A., posterior communicating artery; P.I.C.A., posterior inferior 
cerebellar artery; S.C.A., superior cerebellar artery. 





: Fig. 4.—KCH-Path No. 200-A-57. Note the inadequate right vertebral and the dominant 
eft vertebral artery, the continuation of which represents the basilar artery. Death would 
ensue following left vertebral ligation. 
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Blackburn,* Stopford,”® and Neimanis*' have made extensive observations 
on the variations of the vertebral-basilar artery communications. These in- 
dividual series, with those of the authors, are tabulated in Table I. Of a total 
of 447 specimens analyzed, 40 (9.7 per cent) had a small right vertebral artery; 
25 (5.7 per cent) had a small left vertebral artery. More significant is the 
fact that in 26 specimens (3.1 per cent) the contribution of the right vertebral 
to the basilar artery was negligible, and in 16 specimens (1.8 per cent) there 
were inadequate connections of the left vertebral artery with the basilar. The 
combined series indicate that the left vertebral artery tends to be the domi- 
nant vessel with respect to the formation of the basilar artery system (Fig. 5). 


TABLE I. INCIDENCE OF VERTEBRAL ARTERY SIZE VARIATIONS AND ANOMALIES 











SMALL VERTEBRAL ARTERY ABSENT VERTEBRAL ARTERY 


NO. SPECIMENS RIGHT LEFT | RIGHT | LEFT 

















EXAMINED (PER CENT) (PER CENT) (PER CENT) | (PER CENT) 
BLACKBURN 220 9.5 5.5 1.4 0.9 | 
STOPFORD 150 7.5 7.5 ae | 2.4 
NEIMANIS 418 a ae 5.1 2.1 
AUTHORS 77 12.3 4.6 LS Ls 
TOTALS 865 -—— — 3.) 1.8 
447* 9.7 5.7 — - 








*Neimanis’ study was concerned only with the absence of a vertebral artery. Conse- 
quently, in the combined series of these authors, there are 447 specimens studied with attention 
to the disparity in size of the two vertebral arteries. 


865 specimens 
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Fig. 5.—Schematic representation of the known incidence of absent or totally inadequate exist- 
ing contributions of the left and right vertebral arteries to the basilar artery. 


These anatomic variations also have been noted in vertebral angiography. 
In a large series of cases reported by Radner, the basilar artery failed to be 
visualized in 3.3 per cent of the patients when the injection was made into the 
right vertebral artery. Injections subsequently made into the left vertebral 
artery of 5 of these patients enabled the basilar arterial tree to be visualized 
without difficulty. These findings correlated well with the incidence of ana- 
tomic abnormalities found at autopsy. 

Other Sources of Basilar Artery Blood Supply—Communication between 


the basilar arterial and the carotid system is provided by the posterior com- 
municating vessels. Normally, the anterior (carotid) portion and posterior 
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(basilar) portion of the circle of Willis are hemodynamically balanced. Sup- 
port for this is demonstrated by carotid angiography, wherein dye crosses the 
posterior communicating vessels, filling the homolateral posterior cerebral 
vessel in only 25 per cent of cases.2° A reduction in arterial pressure in the 
basilar system decreases the pressure gradient across the posterior communi- 
eating vessels, and thereby may increase the blood flow to the basilar system 
from the carotid arteries. However, the effectiveness of this increased flow 
depends upon the presence or absence of one or both of the posterior communi- 
cating vessels, the size of the vessels, and the mean pressure in the carotid 
arteries. Absence of one or both of these vessels has been reported in 0.4 to 
12 per cent of brains examined at autopsy. When present, the posterior com- 
municating vessels are usually small.” 1* 2° By themselves, they are considered 
inadequate to maintain brain stem function.’ 

Two other possible remote sources of basilar artery blood supply should 
be briefly mentioned for completeness. One is the anterior spinal artery, 
which originates from one or both of the vertebral arteries prior to joining to 
form the basilar artery. This vessel is, in effect, an end artery with no ap- 
preciable communication with the lower intercostals or arteria radicularis. 
Thus, contribution to the basilar system is, for all intents and purposes, negli- 
gible. The other is the posterior inferior cerebellar, the vertebral artery’s 
main branch. Again, this vessel is independent of cross circulation from other 
major cerebral or cerebellar vessels, and is incapable of providing blood flow 
to the central vertebral-basilar trunks. 


DISCUSSION 


The blood flow through the basilar artery in the absence of its main 
source, namely, the vertebral arteries, would appear to be inadequate to main- 
tain normal brain-stem function. The loss of vertebral artery blood flow is 
similar to a clinical entity recognized as the ‘‘basilar artery occlusion syn- 
drome,’’ with tetraplegia, dysarthria, dysphagia, and subsequent death.* Ad- 
ditional clinical evidence is demonstrated by “the syndrome of vertebral artery 
compression,’’ described by deKleyn,® and more recently by Tatlow.*7 In the 
presence of a single major vertebral artery supplying the basilar artery, when 
the head is hyperextended and twisted sideways, a horizontal-rotatory type of 
nystagmus, vertigo, and dysarthria will result from inadequate blood supply 
to the midbrain. This maneuver produces acute angulation and compression 
of the sole vertebral artery at the axis-atlas junction, thereby accounting for 
the ischemic phenomenon. Others have reported examples of midbrain ischemia 
and fatalities under like cireumstances,1*® 1* 2% 25 

That unilateral disruption of vertebral artery blood flow can occur with- 
out sequelae has been repeatedly demonstrated ;** ?* ** however, midbrain sur- 
vival is dependent on a contralateral vertebral artery of sufficient size to main- 
tain adequate blood flow to the basilar arterial system. 

On the basis of the statistical information cited, one ean anticipate a cer- 
tain number of serious neurologic sequelae incident to the utilization of the 
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subelavian artery for arterial cannulation when the vertebral artery is sacri- 
ficed. The incidence can be predicted if the following circumstances pertain: 


1. The subclavian artery is used in all cannulations. 

2. In addition to ligating the subclavian artery, the vertebral artery 

is ligated at its origin. 

3. Only one vertebral artery contributes to the formation of the basilar 

system, 

4. The posterior communicating arteries are ineffective in sustaining 

adequate basilar artery blood flow. 

The predictable incidence of the so-called ‘‘acute vertebral artery occlu- 
sion syndrome’’ would then be 3.1 per cent if the left vertebral artery is 
ligated, and 1.8 per cent if the right vertebral artery is ligated. 

In addition, a twofold reduction in diameter size of the right vertebral 
artery over the left vertebral artery existed in 9.7 per cent of specimens ex- 
amined, whereas the left was similarly reduced in size in 5.7 per cent of speci- 
mens examined. The incidence of neurologic sequelae, because of such varia- 
tions in size, is unpredictable. 

Because of these variations, and the fatal consequences accompanying 
ligation of a dominant and thereby critical vertebral artery, the utilization of 
the subclavian artery for arterial cannulation should be carefully considered. 
Certainly, the vertebral artery should not be indiscriminately ligated. In any 
surgical procedure wherein the vertebral artery must be ligated, an angiogram 
of the contralateral vertebral artery is recommended to evaluate the vascular 
pattern of the basilar system. 

The experience with the ease herein reported prompted an adoption of the 
femoral route advocated by Cooley’ and others for arterial cannulation, and 
has since been used exclusively. In addition to the anatomic variations, phyi- 
ologie factors also contributed to this decision. It was felt unwise to depend 
upon the adequacy of retrograde flow through the vertebral artery, which 
might be compromised by the subnormal perfusion rates during cardiopulmo- 
nary bypass. 

There are other operative procedures wherein the pattern of vertebral- 
basilar communications may contribute to morbidity and mortality, namely, 
the Blalock-Taussig operation for tetralogy of Fallot, and operations for 
coarctation of the aorta. In the former, it is common practice, in order to ob- 
tain a comfortable length of the subclavian artery, to divide and ligate the 
internal mammary and vertebral arteries and frequently the branches of the 
thyrocervical trunk. When the vertebral artery is sacrificed, regardless of the 
subclavian artery used, the mortality due to anomalous vertebral-basilar com- 
munications is predictable. The risk would appear to be less when the right 
subclavian is used in the presence of a left aortic arch. Inadequate informa- 
tion is available to predict the preferred subclavian in the presence of a right 
aortic arch. Cerebral catastrophies have oceurred following the Blalock- 
Taussig operation, Cerebral thrombosis has frequently been indicted as the 























ae ANOMALOUS VERTEBRAL-BASILAR ARTERY COMMUNICATIONS 755 
etiologic agent in such instances. Although thrombosis undoubtedly does oc- 
cur, certain of these deaths may well have resulted from anomalous vertebral- 
basilar artery communications. 

Likewise, in certain operations for coarctation of the aorta, these anomalous 
arterial communications may have some significance. Whether this is so is 
dependent upon the effectiveness of retrograde filling of the left vertebral when 
the subclavian artery has been used, as in the past, for bridging the area of 
defect. In this circumstance, one does not need to sacrifice the vertebral for 
adequate length. Prosthetic grafts are preferable to utilization of the sub- 
elavian. However, in today’s practice it is not uncommon in certain situations 
to occlude both aorta and subclavian artery in a single clamp to gain an ade- 
quate proximal cuff for anastomosis. When this is done, the only supply to 
the basilar artery is via the right vertebral, plus any retrograde flow which 
might occur via the left vertebral. Because of the upper trunk hypertension, 
perhaps retrograde flow may be adequate. However, it would seem logical in 
such a situation to clamp the proximal aorta and subclavian artery in such a 
manner as to insure a patent, though narrowed, lumen for the left subclavian 
artery in order to avoid any hazard on this score. 

Similar dangers are present in operations for resection of aneurysms of 
the descending aorta, where the subclavian artery is used for bypass of blood 
from the upper trunk to the lower trunk. It is suggested that the left atrium 
be used as the proximal source of blood for bypass where possible. In resec- 
tions of the aortie arch, where the subclavian is temporarily occluded or ligated, 
the same potential hazard exists. 


SUMMARY 


A fatal case of brain-stem ischemia as a complication of current eardio- 
pulmonary bypass procedures is presented. Ligation of the left vertebral 
artery during arterial cannulation deprived the basilar artery of its major 
contributing vessel, with resultant insufficient blood supply to support vital 
medullary centers. The patient never regained consciousness, and death oc- 
curred 45 hours postoperatively. 

A review of recent routine autopsy material studied at this institution 
uneovered excellent examples of anomalous vertebral-basilar artery communi- 
cations. An additional study of the vertebral-basilar artery communications 
was made in 70 autopsied adults and in 20 infants and children. This study, 
combined with a review of the literature, indicates that these anomalous com- 
munications exist as follows: The right vertebral artery terminates as the 
right posterior inferior cerebellar artery with inadequate communication to 
the basilar artery in 3.1 per cent of specimens examined, The left vertebral 
artery terminates as the left posterior inferior cerebellar artery with inade- 
quate communication to the basilar artery in 1.8 per cent of specimens ex- 
amined. Aside from absent or inadequate contributions of the vertebrals, 
there is, in addition, a wide variation in size of the two vertebrals (the right 
being small in 9.7 per cent of cases; the left in 5.7 per cent). The effect of 














756 THOMAS, ANDERSON, HAIN, AND MERENDINO Surgery 


o 
October, 1959 


this variation in size in terms of possible neurologic sequelae, if one is sacri- 
ficed, is unknown. However, on the basis of absent or inadequate communica- 
tions, one can predict that if the right vertebral is sacrificed, 1.8 per cent of 
the patients will develop an acute midbrain syndrome with death; if the left 
vertebral is sacrificed, 3.1 per cent of the patients will be so affected. 


Therefore, the femoral route for arterial cannulation for bypass proce- 
dures is advocated to avoid the mortality associated with vertebral artery 
sacrifice. When ligation of the subclavian proximal to the vertebral is prae- 
ticed, the adequacy of retrograde vertebral flow is uncertain. Thus, on both 
scores, the use of the subelavian for cannulation procedures would seem ill- 
advised. 

The importance of anomalous vertebral-basilar artery communications has 
been stressed as a possible source of mortality following the Blalock-Taussig 
procedure for tetralogy of Fallot, when the vertebral artery is sacrificed in 
the mobilization of the subelavian artery. 

Furthermore, in operations for coarctation, where both the aorta and sub- 
clavian artery are occluded, a potential hazard exists. In this situation, the 
blood supply to the midbrain may be curtailed if retrograde flow via the left 
vertebral is inadequate and the latter vessel is the major contributor to the 
basilar artery system. 

In resections of aneurysms of the descending aorta or of the aortie arch, 
where the subelavian artery may be occluded temporarily for bypass or ligated, 
a similar hazard exists. In the former situation, the use of the left atrium as 
the proximal take-off souree would avoid this difficulty. In the latter situation, 
it would seem important to avoid interruption of flow through the left sub- 
elavian artery with the same care now used for the innominate and left carotid 
arteries. 

If the subclavian artery must be utilized in certain operative procedures, 
the vertebral artery should be left intact if possible. Where the likelihood 
exists that sacrifice of the artery is necessary, a vertebral angiogram of the 
contralateral side is advoeated. 
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A NEW TECHNIQUE FOR THE EXPERIMENTAL PRODUCTION OF 
VALVULAR PULMONARY STENOSIS 


Ropert A. SALERNO, M.D.,* BetHespa, Mp. 


(From the Clinic of Surgery, National Heart Institute) 


TTEMPTS to produce experimentally a lesion simulating human con- 

genital pulmonary stenosis began as early as 1924 when Reid® applied 
a constricting metallic band about the main pulmonary artery. Two years 
later, Holman and Beck** and, more recently, Gerbode? created a similar 
lesion by placing a ligature about a mobilized portion of the pulmonary artery. 
In 1951, Hufnagel, Roe, and Barger® obtained ‘‘pulmonary stenosis’’ by ex- 
cising a segment of the pulmonary artery. Others have successfully produced 
stenosis of the infundibulum of the right ventricle.’ *° Until recently, how- 
ever, the production of true valvular pulmonary stenosis has not been re- 
ported. 

In 1956, Riberi® and Kay® independently developed similar techniques for 
the production of valvular pulmonic stenosis by direct suture of the pulmo- 
nary valve leaflets. The end result resembled the human congenital lesion 
far more closely than had previously been reported. Yet this approach had 
the following shortcomings: (1) Suture frequently resulted in tearing of the 
valve leaflets, with the production of insufficiency or a combined lesion. (2) 
The relatively long period of time (4 to 11 minutes) required to suture three 
commissures necessitated the added risks of hypothermia. (3) Death from 
acute myocardial failure and ventricular fibrillation was common. (4) The 
long-term chronic survival rate was low, with survivors developing only a 
moderate amount of hemodynamic stenosis. The present report describes an 
improved technique for the production of valvular pulmonary stenosis and 
summarizes pertinent physiologic data in chronically surviving animals. 


MATERIALS AND METHODS 


Twenty-nine mongrel dogs were employed. Anesthesia consisted of intra- 
venous sodium Penthothal, intubation, and connection to a demand-type res- 
pirator. When hypothermia was used, the animal was immersed in an ice 
bath until the reetal temperature fell to 33° C. The animal was then removed 
from the bath, and its final rectal temperature was 29° to 30° C. 

Thoracotomy was performed through the fourth left intercostal space. 
Tapes were placed about the superior and inferior venae cavae, the azygous 
vein was ligated, and the pericardium was incised anterior to the left phreni¢ 
nerve. Stay sutures of 5-0 arterial silk were placed at the junction of the 
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pulmonary artery and the right ventricle and on the anterior aspect of the 
pulmonary artery, 2 to 3 em. distally. A small, angled Beck clamp was then 
applied to the main pulmonary artery excluding a segment, approximately 
2.5 em. in length, and incorporating both stay sutures, and a vertical incision 
was made in the excluded pulmonary artery (Fig. 1). An Allis clamp was 
placed on each margin of the pulmonary artery incision for retraction. Venous 
inflow was then totally occluded, the Beck clamp was removed, and residual 
blood in the pulmonary artery and right ventricle was aspirated. The leaf- 
lets of each commissure were grasped with smooth forceps at a point near the 
center of the valve opening, and two or three silver Cushing brain clips were 
applied so as to fuse one-half to three-quarters of the commissure (Fig. 2). 

The superior vena cava was released and, when several systolic ejections 
had filled the pulmonary artery with blood, the Beck clamp was reapplied and 
the pulmonary artery was closed with a continuous arterial suture (Fig. 3). 
The inferior vena cava was gradually released over a period of 1 to 2 minutes. 
With complete resumption of the cireulation, some right ventricular dilatation 
invariably occurred and a coarse systolic thrill was palpable over the main 
pulmonary artery. The chest was closed in layers. Hypothermiec animals 
were allowed to rewarm spontaneously. 


RESULTS AND COMMENTS 


Hypothermia was employed in 17 dogs. There were no acute operative 
deaths. Ventricular fibrillation occurred in one animal but it was easily 
reversed. Four animals died in the 24-hour postoperative period, and 13 
became chronic survivors. Autopsies were performed upon the nonsurvivors 
and, in each instance, the most conspicuous finding was that of marked right 
ventricular dilatation. Although these 4 animals did not have the benefit 
of physiologic study, they demonstrated true valvular stenosis on pathologic 
examination. The clips were in place and were coated with a thin layer of 
fibrin. There was no evidence of leaflet tear or pulmonary insufficiency. In 
each case death could be attributed to right ventricular failure secondary 
to the acute obstruction. 

Right heart catheterization was performed upon the 13 long-term sur- 
vivors.. In each study a No. 6 or No. 7 Cournand catheter was passed from 
the right or left jugular vein into the pulmonary artery, and pressures were 
recorded as the catheter was withdrawn from the pulmonary artery to the 
right ventricle. Systolic pressure gradients across the pulmonary valve 
ranged between 20 and 80 mm. Hg (Fig. 4). There was no physiologic evi- 
denee of pulmonary insufficiency. 

During the 3- to 5-month postoperative period, the chronie survivors were 
recatheterized in order to determine whether chronic right ventricular failure 
existed and whether there had been any change in systolic pressure gradients. 
In 3 of the animals there was a marked increase in the right ventricular hy- 
pertension and in the pressure gradient, suggesting progressive stenosis. 
Several of these dogs were subsequently sacrificed and the pathologic findings 
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Fig. 1.—Tapes are placed about the superior and inferior venae cavae, and the azygous vein is 
ligated. Vertical incision is made in an excluded segment of the pulmonary artery. 
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Fig. 2. Pig. 3. 
. Fig. 2.—Cushing clips are applied to the pulmonary leaflets, producing fusion at the com 
missures. 
Fig. 3.—The pulmonary arteriotomy is closed with a continuous arterial suture. 
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appeared to corroborate this impression. In the majority of animals, however, 
the initial failure and stenosis did not seem progressive during this early 
chronic phase and the animals seemed to compensate well for two- to three- 
fold inereases in right ventricular pressure. 

With increasing experience, the period of inflow occlusion was reduced 
to less than 2 minutes and hypothermia was considered unnecessary. Ac- 
cordingly, valvular pulmonic stenosis was produced in a series of 12 dogs in 
the same manner as just described but with the animals normothermic. Two 
operative deaths from irreversible ventricular fibrillation occurred when the 
period of inflow occlusion approached 3 minutes. In each instance, delay 
resulted when the venae cavae were improperly occluded. One animal died 
in the early postoperative period and 3 died during the chronic period. Post- 
mortem examinations consistently revealed marked right ventricular enlarge- 
ment and normal lungs. As in the hypothermic series, the Cushing clips were 
not displaced by the increased pressures and the turbulent flows, and there 
was no evidence of pulmonary insufficiency. As in the hypothermic group, 
each of the surviving animals developed a coarse systolic thrill over the main 
pulmonary artery following restoration of the venous inflow. All had harsh, 
low-pitched, ejection-type systolic murmurs, greatest in intensity over the 
pulmonie area but audible over most of the precordium. 
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Fig. 4.—Right heart catheterization. The systolic gradient across the pulmonary valve is ap- 
proximately 70 mm. Hg. 


Eight animals in this series were studied by right heart catheterization. 
The right ventricular pressures ranged between 46 and 90 mm. Hg and the 
systolic pressure gradients varied between 17 and 63 mm. Hg. Four of these 
dogs were catheterized a second time approximately 2 months following the 
first study. In each instance there was an increase in the right ventricular 
hypertension and in the systolic pressure gradient. Animals sacrificed 4 
to 9 months postoperatively showed definite indication that the fibrosis at the 
pulmonary valve commissures progressed with time (Figs. 5 and 6). 


SUMMARY 


A new method for the experimental production of valvular pulmonic 
stenosis is presented. Cushing silver brain clips were applied directly to the 
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Fig. 5.—Pulmonary stenosis 4 months after surgery. Approximately one-third of each commis- 
sure is fused by fibrosis. The leaflets are thin and mobile. 





Fig. 6.—Pulmonary stenosis 9 months after surgery. More than one-half of each commissure 
is fused. The leaflets are thickened and rigid. 
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commissures of the pulmonary valve during a brief period of venous inflow 
occlusion and pulmonary arteriotomy. Two studies were conducted, the first 
employing hypothermia, the second at normal body temperatures. 

Twenty-two of 29 dogs became chronic survivors. Right heart cathe- 
terization in these animals demonstrated significant right ventricular hyper- 
tension and pulmonary systolic pressure gradients ranging as high as 80 mm. 
Hg. Postmortem examinations revealed signs of right ventricular hyper- 
trophy and dilatation resulting from a progressive pulmonary commissural 
fibrosis. 
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A CALIBRATED TECHNIQUE FOR EXPERIMENTAL PRODUCTION 
OF VENOUS THROMBOSIS 


NoRMAN ROSENBERG, M.D., SyLvaAn E. Moouten, M.D., AND LEO VROMAN, 
NEw Brunswick, N. J. 


(From the Division of the Laboratories and the Vascular Services of Middlesex General 
Hospital and St. Peter’s General Hospital) 


REVIEW of the abundant literature on the experimental production of 

venous thrombosis reveals a wide divergence in techniques employed in 
its production. These have involved mechanical, chemical, or thermal trauma 
to the vein wall, which has in almost every instance been severe. In some 
methods, blood flow to the venous segment has had to be concurrently stopped 
or slowed by ligatures, clamps, or clips. *-*° 

This paper describes a standardized technique for thrombus production 
in a large vein, the inferior vena cava of the rabbit, using externally applied 
formalin. The incidence and size of the thrombi can be made to vary with the 
concentration of formalin employed, and the results are consequently subject to 
statistical analysis. 

TECHNIQUE 

Eighty rabbits were employed in this investigation. With the animal under 
open-drop ether anesthesia the abdomen was opened through a midline in- 
cision, and the intestinal loops were delivered. The infrarenal portion of the 
inferior vena cava was located and a small opening was made in the overlying 
peritoneum. A small curved hemostat was introduced into the opening and a 
perivenous pocket was created by blunt spreading and advancing of the instru- 
ment in the axis of the vessel (Fig. 1). A purse-string suture of fine silk was 
placed in the peritoneum about the opening. Following this, a measured solu- 
tion of formalin was introduced into the pocket by means of a tubereulin syringe 
and fine needle; care was taken to avoid laceration or penetration of the vein 
itself. After the needle was withdrawn the suture was drawn taut and tied; 
the abdominal wall was then closed with a single running through-and-through 
sulk suture. 

Four concentrations of formalin were employed, 10, 20, 30, and 40 per cent 
(‘‘full strength’’ formalin) in amounts ranging from 0.05 to 0.43 ¢.e. Twenty 
rabbits were tested with each concentration. The injection procedure was easily 
executed, requiring about 10 to 15 minutes for each rabbit. 

In each instance the animal was sacrificed 24 hours later by injection of 
air intravenously, and the abdomen was opened. Clamps were placed across 
the great vessels well above and below the site of previous formalin application, 
and the vein segment with its contained blood was removed and carefully 
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opened. The thrombus, if present, was graded in respect to its size, and its 


surface area was sketched carefully according to a measured scale, following 
which the specimen was placed in fixative. 


RESULTS 


Most of the thrombi observed were flat mural thrombi composed chiefly of 
elumped platelets and some leukocytes (white thrombi). Some of the larger 
thrombi had in addition an early red (coagulative) component extending along 
the vessel in the direction of blood flow but still insufficient to occlude the 


lumen completely. 





Fig. 1.—Technique of production of thrombi by means of formalin deposit in perivenous pocket 
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Fig. 2.—Comparison curves of thrombus incidence and of average thrombus size versus con- 
centration of formalin. 


The thrombi obtained in these experiments lent themselves readily to 
measurement in terms of surface area and by simple inspection could be readily 
identified as small, medium, or large. Small thrombi measured approximately 
5 mm.,? medium thrombi approximately 15 mm.,? and large thrombi approxi- 
mately 45 mm.? 
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The incidence of thrombi varied with the concentration of formalin em- 
ployed. Only 4 were produced in 20 trials with 10 per cent formalin, 15 in 20 
trials with 20 per cent formalin, 14 in 20 trials with 30 per cent formalin, and 
17 in 20 trials with 40 per cent formalin. In general large thrombi predomi- 
nated when higher concentrations of formalin were used (Fig. 2). The volume 
of solution employed seemed to be of little consequence. 


COMMENT 


It is evident from these data that an ‘‘all-or-none’’ principle does not neces- 
sarily prevail in the formation of thrombi. For this reason it follows that 
evaluation of anticoagulants or other agents for prevention of thrombosis in the 
living animal must of necessity take into account the type of stimulus em- 
ployed to induce local deposits of platelets. In the procedure described the 
calibrated nature of the stimulus lends itself more satisfactorily to statistical 
evaluation than the majority of procedures employed heretofore in which rela- 
tively intense stimuli produced severe mechanical or chemical injury to the 
vessel wall or to its inner surface. 

Although the present series of 80 rabbits is believed to be large enough to 
serve as a model for future investigations, it would probably be necessary for 
a suitable number of additional control studies to be run first in different 
groups of rabbits as a preliminary check on this technique in order to provide 
a dependable standard of reference before it is employed as an assay procedure. 
A significant increase or decrease over the predicted incidence and size of 
thrombus (Fig. 2) could then be reasonably correlated with the activity of the 
superimposed factor. The potentiating effects of any one of these factors could 
be further evaluated by employment, respectively, of either the weakest or the 
strongest concentration of formalin. 


SUMMARY 


1. A technique has been developed for quantitatively controlled production 
of experimental venous thrombosis in the inferior vena cava of rabbits by means 
of application of graded concentrations of formalin to the outer surface of the 
exposed vessel. 

2. By means of this technique a correlation has been demonstrated between 
the concentration of formalin employed and the percentage incidence as well as 
size of the thrombi produced. The data obtained from a series of 80 rabbits 
were analyzable graphically. 

3. The procedure appears to be satisfactory for establishing a statistically 
useful standard of reference for biologic evaluation of any one of a number of 
agents which act systemically to favor or prevent thrombus formation. 
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ALPHA-TOCOPHEROL IN PROPHYLAXIS AND TREATMENT 
OF VENOUS THROMBOSIS 


Hiromi Kawanara, M.D., Nagoya, JAPAN 
(From the First Department of Surgery, Nagoya University School of Medicine) 


OR the last decade, surgeons have become increasingly interested in thrombo- 

embolic diseases, especially postoperative venous thrombosis, because there 
is no definite agent for prophylaxis and treatment, and serious complications 
such as pulmonary embolism ean arise. 

Adamstone' first suggested that vitamin E may have some effects on blood 
coagulation or thrombosis. He reported the obstruction of blood vessels in the 
volk sae of chicks from hens fed on vitamin E-deficient diets. Sinee then many 
investigators have studied those effects. In 1948, Zierler’* demonstrated that 
alpha-tocopherol phosphate has an antithrombie activity both in vitro and in 
vivo. Ochsner* *® and Kay* © confirmed this activity in their experiments, and 
reported that alpha-tocopherol appeared to have antithrombie activity at 
normal concentrations in human plasma and might be an antithrombin. There 
have been many discussions about this effect but consistent conclusions have not 
been obtained, and the mechanism of the activity is still uncertain. 

As has been previously reported,‘ a good effect of alpha-tocopherol in 
peripheral blood vessels was demonstrated in rabbits and it was successfully 
used in thromboembolic diseases and several peripheral vascular diseases. Fig. 
1 shows some interesting results of these animal experiments. In deficient rab- 
bits, the peripheral arteries showed atrophy of. intimal cells, fading of sub- 
intimal connective tissue, and atrophy of muscle fibers in the media, with small 
vacuoles and spaces between them. On the other hand, in rabbits fed on massive 
doses of alpha-tocopherol, the muscle fibers in the media of peripheral arteries 
were hypertrophic, showed a closely packed structure, and their stainability was 
very good. This may suggest that alpha-tocopherol has some effect on the 
metabolism of blood vessels. 

The following clinical studies were made during the past 2 years to learn 
the effect of alpha-tocopherol in venous thrombosis. 


PROPHYLAXIS 


Acceleration of blood coagulability in the postoperative period was reported 
by Bergquist,’ Reich,’ and many other investigators. Kay and his co-workers’ 
showed that in many postoperative patients a progressive fall in the anti- 
thrombotic content of the plasma develops, and venous thrombosis can occur 
when a sufficient disproportion between the prothrombin and antithrombin of 
the plasma is present. They also showed that alpha-tocopherol when combined 
with calcium acts as an antithrombin and can prevent thrombosis. 


Received for publication March 20, 1959. 
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Fig. 1.—Photomicrographs showing femoral artery of a rabbit which received A, 200 mg. 
of alpha-tocopherol daily for 8 weeks, B, vitamin E-deficient diet for 8 weeks, and C, the con- 
trol diet. (Periodic acid-Schiff stain. 400; reduced %.) 
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One hundred postoperative patients were selected from this surgical c:inie, 
and the coagulation time of whole blood (Lee-White glass tube method), pro- 
thrombin time (Quick’s one-stage method), and prethrombotie index (Kay’s 
test) were determined from the preoperative period to the end of the second 
postoperative week. Half of them randomly selected were given.alpha-tocopherol 
for 2 weeks in the following manner. For the first 3 days, 100 mg. of alpha- 
tocopherol was administered intramuscularly every 8 hours, since most patients 
could not tolerate oral medication in the immediate postoperative period, and 
thereafter 300 mg. of alpha-tocopherol acetate was administered every day by 
mouth. In addition, 20 of these patients were given calcium gluconate, 5 c¢.c. of 
an 8.5 per cent solution intravenously, every 24 hours. 
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Fig. 2.—Changes in prethrombotic index in surgical operations.? 


There are no significant differences in the change in clotting time and in 
prothrombin time between the group given tocopherol and the control group. 
The prethrombotic index, however, is markedly different (Table I). In the’ 
group to which tocopherol was administered, the index is so stable that there 
were only 6 cases which showed a “dangerously low” level postoperatively, 
whereas in the control group, 22 cases reached the “dangerously low” level. 
When examined as to time, most of them fell to the low level by the fifth day 
as shown in Fig. 2. No clinical thrombosis was found in the tocopherol-treated 


TABLE I. CHANGES IN PRETHROMBOTIC INDEX IN SURGICAL OPERATIONS! 


 — 








BEFORE | AFTER OPERATION 




















PRETHROMBOTIC OPERATION WITH TOCOPHEROL | WITHOUT TOCOPHEROL 
INDEX NO. | PER CENT NO. | PERCENT | NO. | PER CENT 
Safe 81 81 30 60 11 22 
Border line 15 15 14 28 17 34 
Dangerously low 4 +t 6 12 22 44 





Total 100 50 50 a 
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group. In the control group, however, 2 patients who had “dangerously low’ 
levels prior to clinical symptoms such as fever, swelling of the leg, and tender- 
ness of the calf, developed thrombophlebitis. As illustrated in Fig. 3, no 
significant difference was observed between the tocopherol-alone group and the 
caleium-added group. 

TREATMENT 


Twenty-eight cases of venous thrombosis have been treated with alpha- 
tocopherol during the past 2 years. Twenty-two of these were postoperative and 
post-traumatic thrombophlebitis and phlebothrombosis (15 of which were acute 
or subacute and 7 chronic). The remaining 6 patients had spontaneous thrombo- 
phlebitis. Most of these patients received alpha-tocopherol acetate or succinate 
by mouth but some of them received it parenterally. The daily dose was 100 
to 500 mg., administered for from 3 weeks to 5 months. The total amounts 
administered were from 6.3 to 38.5 Gm. 
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Fig. 3.—Influence of additional calcium adesieteeratinn on alpha-tocopherol in prethrombotic 
index. 


Seventeen cases (61 per cent) were successfully treated, 8 (29 per cent) 
showed some effect, and 3 (10 per cent) failed in this treatment. Acute and 
subacute cases were treated more effectively than were chronic cases. 

Adequate dosage, namely, 300 to 500 mg. of alpha-tocopherol per day in 
the acute stage was necessary for successful treatment, as Shute™ and Suffel'* 
suggested. No side reactions were noted in either parenteral or oral administra- 
tion. 

A local clearance test (Kety,’ Hiei®) in the calf was done in 4 eases of 
thrombophlebitis of the leg to determine the change in circulation after alpha- 
tocopherol treatment. This test shows quantitatively the effective blood circula- 
tion at some local point of the body. Twenty microcuries of radioactive isotonic 
Saline solution (Na?*Cl) is injected 2 em. deep into the muscle. The reduction 
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in radioactivity is measured by a Geiger-Miiller counter, and the rate-meter 
reading (counting rate per second) is recorded by an automatic recorder. This 
is called the “clearance curve” showing the elimination of Na** from the point 
of injection. A semilogarithmic graph is made with the counting rate per 
second as the ordinate (Cr. P. 8S.) and time (minutes) as the abscissa, and the 
clearance constant (K) is determined from the straight line (Fig. 4) of that 
graph as follows: 


log Cr, — log Cr, 

0.4343 (T. — T:) 
When Cr, and Cr, are Cr. P. S. at T,; and T,. Hence, when the effective blood 
flow at the site becomes greater, K shows a higher value. The results are illus- 
trated in Table II. All patients showed a definite improvement in cireulation 
in the affected leg after alpha-tocopherol therapy. 
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0.4343(T2- Ti) 


= 0.0693 
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Fig. 4.—Local clearance in the calf muscle (a semilogarithmic graph). 


TABLE II. CHANGES IN LOCAL CLEARANCE IN THE CALF 











CASE 
| NAME BEFORE TREATMENT AFTER TREATMENT 
S. H. K = 0.0538 K = 0.1053 
M. A. 0.0439 0.1098 
S. M. 0.0305 0.0860 
ee # 0.0532 0.0636 
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DISCUSSION 


According to these observations, the patients who received alpha-tocopherol 
showed a specific result as compared with the controls. This suggests that 
alpha-tocopherol ean control a high blood coagulability which occurs in patients 
immediately after surgical operations, and therefore it can prevent the develop- 
ment of postoperative thrombosis. But no significant difference was noted be- 
tween the tocopherol-alone group and the calcium-added group in this small 
series. Shute’ proposed that alpha-tocopherol alone is enough to prevent 
thrombosis, and my findings tend to support his conclusion. At any rate, they 
seem to show clearly that alpha-tocopherol does influence some phase of the 
blood coagulation mechanism. 

My animal experiments suggested that alpha-tocopherol also has some effect 
upon the metabolism of the heart and blood vessels. At the same time, the 
loeal clearance test showed a definite improvement in blood circulation in the 
leg affected with thrombophlebitis, with alpha-tocopherol therapy. Since it 
has been clearly shown that alpha-tocopherol does influence blood coagulation, 
the vessel wall, and the circulation of the blood, it can have an excellent effect 
on thromboembolic diseases. Very little is known about the mechanism of its 
action, however. It has been suggested by some investigators that alpha- 
tocopherol is closely related to the pituitary body—adrenal gland function. On 
the other hand, an antioxidizing action is suspected in its chemical structure. 
When the mechanism of its action is completely understood, these seemingly 
complicated effects which have been observed here will be clearly explained. 


SUMMARY 


1. During the past 2 years, 100 surgical patients were studied. Half of 
them received 300 mg. of alpha-tocopherol per day for 2 weeks postoperatively. 
The clotting time, prothrombin time, and prethrombotic index were examined 
both in the treated group and in the controls. The treated group showed 
relatively stable coagulability of blood, in spite of high coagulability in the con- 
trol group. Two eases of thrombophlebitis developed in the control group but 
none in the treated group. 

2. Twenty-eight cases of venous thrombosis were treated with alpha- 
tocopherol with excellent results. Seventeen were successfully treated. The 
local clearance test was carried out in 4 eases to determine the change in blood 
circulation. All showed a marked improvement. 


I am especially grateful to Prof. Dr. Y. Hashimoto and Dr. K. Kamiya of this Depart- 
ment of Surgery for their valuable advice and encouragement. 
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LATE ARTERIAL EMBOLECTOMY 
Henry Harmovici, M.D., New York, N. Y. 


(From the Peripheral Vascular Service, Surgical Division, Montefiore Hospital) 


ARLY embclectomy within 1 to 12 hours after onset of the acute arterial 
E occlusion is a widely established surgical principle. That the time interval 
is a major factor governing the outcome of this procedure has long been rec- 
ognized, ever since Labey performed the first successful embolectomy in 1911.7 
The tremendous progress achieved in vascular surgery in recent years is also 
being reflected in this field by a higher percentage of early successful embolec- 
tomies. While Key® in 1929 reported good results only in 51 per cent of cases 
of embolism operated upon within 10 hours, recent publications indicate a much 
higher percentage of limb survival following early embolectomy (Murray’® in 
100 per cent, Warren and his associates® in 83.3 per cent, and Shumacker and 
Jacobson" in 81 per cent). 

In contrast to the well-recognized necessity for early intervention for ar- 
terial embolism, the potential value of late embolectomy has been greatly neg- 
lected. To be sure, this attitude can be ascribed to the fact that very poor re- 
sults have been obtained with this procedure performed after a delay of 10 to 
12 hours, as attested by all statistical findings.® * '* However, recent personal 
experience, and that of a few other vascular surgeons," ‘+ 7* ‘4 indicate that in 
some cases embolectomy performed hours or even days beyond the accepted op- 
timal time resulted in complete restoration of arterial flow to the limb. 

The purpose of this paper is to present the findings of our experience with 
10 cases of late embolectomy. In the light of these findings, it is hoped to gain 
a better insight into the clinicopathologie factors responsible for the outcome of 
a late emboleetomy. 

CASE REPORTS 

CASE 1.—B. S8., a 59-year-old white woman, was admitted to Montefiore Hospital on May 
26, 1952, because of heart failure. On June 1, 1952, the patient complained of sudden pain 
in the right lower extremity. Examination revealed pallor, coldness and mottling of the 
right foot and leg, and no palpable pulses. Five hours after the onset a right iliac embolec- 
tomy and a lumbar sympathectomy were performed following which the femoral pulsation 
returned. However, mottling and coldness of the lower half of the leg, anesthesia, and ab- 
sence of motion of the toes persisted. The diagnosis of a residual occlusion in the popliteal 
artery appeared likely. Through an arteriotomy in the lower half of the popliteal artery a 
thrombus was extracted from its proximal end while an embolus with a ‘‘tail’’ thrombus 
was milked out from its distal end (Figs. 1 and 2). Following this second embolectomy, 
performed 13 hours after onset, all the peripheral pulses returned. Except for some hyp- 
esthesia in the foot, the recovery was complete. 
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CASE 2.—M. R., a 70-year-old woman, was admitted to Montefiore Hospital on July 6, 
1955, because of a superficial thrombophlebitis in the right leg. Four days later, the patient 
had sudden pain and numbness in the same extremity. Examination revealed coldness and 
eyanosis of the leg, abolished motion of the toes, and hypesthesia of the leg and foot. 


n 


A f \ 





Fig. 1.—Diagram of arterial tree of right lower extremity indicating location of arterial 


em- 
boli. A, Iliac bifurcation embolus. B, Popliteal bifurcation embolus. (Case 1.) 
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Fig. 2.—A, Iliac embolus removed 5 hours after onset. B, Popliteal embolus and secondary 
thrombus extending into the superficial femoral removed 13 hours after onset. (Case 1.) 





Fig. 3.—Embolus, whitish-looking and measuring 3.5 cm. and a secondary red thrombus 
measuring 15 cm. were removed from the bifurcation of the common femoral and superficial 
femoral 21 hours after onset. (Case 2.) 





Femoral pulsation was weak and all the distal pulses were absent. She was treated com 
servatively, including anticoagulants, for several hours with no beneficial results. Twenty 
one hours after onset, a right femoral embolectomy was performed. Through an arteriotomy 
in the superficial femoral a 3.5 em. whitish-looking embolus was extracted from the bifurea 


tion of the common femoral. The superficial and deep femoral arteries were then massaged 
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upward expressing easily two red clots that measured about 15 cm. (Fig. 3). Immediately 
postoperatively the popliteal and posterior tibial pulses were easily palpable, and motion 
of the ankle returned but not that of the toes. 

About 23 hours postoperatively the patient went suddenly into shock, due to acute 
heart failure associated with a posterior wall infarct. An immediate blood transfusion was 
started and the patient was put in Trendelenburg position. Within 25 minutes the blood 
pressure returned to 150/80. At this time the right leg already showed a large bluish area 
on its anterior aspect. The posterior tibial and the popliteal pulses could no longer be felt 
and the patient complained of severe pain. Two days later the right foot became cold and 
cyanotic. Shortly thereafter gangrene of the forefoot and of a circumscribed area of the 
lateral aspect of the leg developed, necessitating, a midleg amputation. It was noteworthy 
that at the level of amputation the posterior tibial and peroneal arteries were pulsating, while 
the deep veins were thrombosed. 


CasE 3.—R. L., a 71-year-old white woman, entered Montefiore Hospital on Aug. 16, 
1958, because of sudden severe pain in the left lower extremity of 24 hours’ duration and 
acute heart failure. The diagnosis of left femoral embolism was made. She was a diabetic 
and since 1957 was also known to have occasional flutter and fibrillation. 

On admission the arterial occlusion was treated conservatively with anticoagulants and 
vasodilators until the heart failure was brought under control. Thirty-two hours after the 
clinical onset an embolectomy was performed. An embolus with a secondary thrombus was 
removed easily through an arteriotomy in the common femoral. The pulses, color, warmth, 
motion, and sensation of the left lower extremity returned shortly after the completion of 
the procedure. Three weeks later the patient was discharged fully recovered. 


CASE 4.—S. S., a 68-year-old white man, was admitted to Montefiore Hospital on March 
10, 1957, because of severe pain in the right leg with loss of motion and sensation of the 
toes, of 3 days’ duration. The right femoral pulses were palpable, while the distal pulses 
were absent. A diagnosis of embolism of the right popliteal artery was made. Through an 
arteriotomy in the lower popliteal artery a well-organized thrombus was easily extruded. By 
a milking procedure from the distal part of the popliteal artery and its branches, further 
thrombi were obtained. The release of the proximal occluding drain was followed by ex- 
cellent flow. However, the release of the distal end brought only scant bleeding. This sug- 
gested the presence of distal obstruction. The posterior tibial artery behind the medial 
malleolus was found completely occluded by arteriosclerosis obliterans precluding retrograde 
flushing. Following the embolectomy, the color, temperature, and sensation improved down 
to the midfoot level. Later the forefoot became gangrenous, necessitating a midleg amputa- 
tion. Examination of the amputation specimen showed that the superficial and sural veins 
were occluded with fresh thrombi. The deep veins were patent, but all the major arteries 
were occluded by arteriosclerosis obliterans, without evidence of fresh thrombi. Arterial 
bleeding was fair. The amputation stump healed within 3 weeks and the patient was dis- 
charged rehabilitated from the hospital. 


Case 5.—E. S., a 69-year-old white man, entered Montefiore Hospital on Dec. 19, 1957, 
with a history of numbness and coldness of the right foot and leg of 3 days’ duration. The 
patient had had several myocardial infarctions and was also known to have an abdominal 
aortic aneurysm for some time. 

On admission the right leg and foot were cold, mottled, and cyanotic with diminished 
motion and sensation of the foot. The right femoral pulse was felt, but there were no other 
pulses palpable below. Examination of the abdomen revealed a pulsatile mass approxi- 
mately 4 em. in diameter in the left periumbilical region. The diagnosis of a right femoral 
embolism was made, with the site of origin of the embolus being either the abdominal 
aneurysm or the heart. At operation, 3 days after the clinical onset, an organized thrombus 
was extruded only partially from the superficial femoral because of its firm attachment to 
its wall. Since no backfiow was obtained, retrograde flushing was carried out through 
arteriotomies in the superficial femoral at the lower level of Hunter’s canal, in the 
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popliteal and posterior tibial arteries. The arterial tree was cleared completely of thrombi 
only from the popliteal to the common femoral. The attempt at a retrograde flushing from 
the posterior tibial remained unsuccessful. At the completion of the procedure the superficial 
femoral and the popliteal pulses could be felt, although the latter was weak. The viability 
of the leg appeared questionable within 3 to 4 days of the embolectomy. Gangrene of the 
foot appeared within 7 days, leading to a mid-thigh amputation. At the site of amputation 
the femoral and popliteal arteries and veins alike were occluded with fresh thrombi. 


CasE 6.—R. 8., a 60-year-old white woman, was admitted to Montefiore Hospital on 
May 22, 1957, because of chronic heart failure and sudden coldness and pain of the left lower 
extremity of 3 days’ duration. The next day, the left common and superficial femoral pulses 
were felt, but the popliteal and foot pulses were absent. The left foot and the lower two 
thirds of the leg were cyanotic and cold. There was diminished motion of the toes and 
anesthesia of the foot. A diagnosis of left popliteal embolism was made, and an embolee 
tomy, 4 days after the clinical onset, was performed. At the completion of the procedure 
a good pulse was obtained in the popliteal, anterior and posterior tibial arteries. Following 
surgery the temperature of the leg improved. The color of the foot became pink although 
the temperature was still slightly lower than that on the right. The patient was given anti- 
coagulants and vasodilators. The general condition, however, continued to deteriorate, and 
suddenly the patient went into severe heart failure and expired on June 2, 1957. Two days 
before death there was also a sudden deterioration in the local condition characterized by 


severe ischemia of the foot. 


CASE 7.—J. R., a 44-year-old white man, was admitted to Montefiore Hospital on March 
6, 1957, because of pain in the left calf and foot of one week’s duration. He was known 
to have rheumatic heart disease for many years. For 8 days prior to this admission, the 
patient was being treated in another institution with anticoagulants and vasodilators. On 
admission to Montefiore Hospital he had excruciating pain in the left foot and leg with 
absent motion of the toes and ankle, coldness of the leg and foot, marked discoloration of 
the forefoot, and only the common femoral pulse palpable. All pulses were felt in the right 
lower and both upper extremities. An embolectomy, although 8 days after onset, was de 
cided upon despite the presence of irreversible changes in the toes. 

Through an arteriotomy in the superficial femoral artery an embolus was extruded from 
the common and deep femoral vessels. The superficial femoral artery appeared to be occluded 
with thrombi down to the lowest part of Hunter’s canal. Attempts at milking out the 
thrombi from this vessel showed that they were firmly attached to the intima, necessitating 
2 more arteriotomies, one in the lower part of the superficial femoral and the other in the 
popliteal. By milking the latter artery from its bifurcation up to the middle incision in 
Hunter’s canal, the thrombus was finally completely extruded and the patency of the femoral 
and popliteal arteries was restored. A noteworthy fact was the absence of arteriosclerosis in 
the various arteries. 

Following the procedure the patient’s local condition improved progressively with re- 
turn of the popliteal and posterior tibial pulses. The pain subsided within a few days. The 
distal part of the left foot, deeply cyanotic preoperatively, had slowly become gangrenous. 
On May 17, 1957, an open transmetatarsal amputation was performed. Later a revision of 
the amputation stump was necessary, following which the foot healed. Two years later the 
patient is doing well. 


CasE 8.—M. §&., a 60-year-old white woman, was admitted to Montefiore Hospital on 
Sept. 29, 1958, because of severe pain in the right lower extremity of about 10 days’ duration. 
Past history revealed several episodes of heart failure and diabetes. On admission an ECG 
showed the presence of auricular fibrillation and an anterior wall infarct. The right foot 
and leg were cold and cyanotic up to the knee. A patch of early gangrene on the antero- 
lateral aspect of the leg was present, motion of the toes was abolished, and sensation to pin- 
prick was absent in the foot and lower half of the leg. A femoral arteriogram showed 
the upper level of obstruction to be at the mid-Hunter’s canal level (Fig. 4). On September 
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30, 10 days after onset, an embolus was extracted from the bifurcation of the popliteal to- 
gether with a secondary thrombus extending from this vessel to the mid-femoral level. Fol- 
lowing the embolectomy motion and warmth returned. The cyanosis disappeared completely 
except for the anterolateral patch of discoloration which cleared up only partially. 

One week later, the patient developed a left popliteal embolism for which an embolec- 
tomy was performed under local anesthesia with immediate restoration of arterial flow. 
Several hours later she went into irreversible shock and expired, with the cardiac condition 


as the probable cause of death. 


Fig. 4.—Right femoral arteriogram indicating the proximal level of the occlusion to be 
at mid-Hunter’s canal, and the distal level at the lower popliteal. Note the scant number of 
collaterals around the arterial block which is consistent with an acute occlusion, and the at- 
tempt at recanalization of the popliteal artery. The outline of the arterial tree appears smooth 
and devoid of atheromatous plaques. (Case 8.) 

CasE 9.—A. N., a 67-year-old white man, was admitted on April 5, 1958, to Monte- 
fiore Hospital because of pain and numbness of the right foot of 2 weeks’ duration. Past 
history revealed a left hemiplegia with good recovery, congestive heart failure, and hyper- 
tension. Examination revealed coldness of the distal half of the leg and foot, numbness of 
the plantar aspect with diminished motion of toes and ankle. All pulses in the right lower 
extremity were absent. The ECG showed left ventricular hypertrophy and auricular fibrilla- 
tion. He was given a continuous caudal block and anticoagulants. The next day, because 
of lack of improvement, an exploration of the iliac and femoral vessels was carried out. The 
common and internal iliac arteries appeared to pulsate normally. The common femoral 
artery and its bifurcation were completely obstructed; the thrombus extended beyond the 
inguinal ligament. Through an arteriotomy in the common femoral a thrombus was easily 
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extruded. An excellent retrograde flow was present from the deep femoral. The superficial 
femoral was obstructed by a secondary thrombus, which was extruded by massaging the 
artery. The retrograde flow from this vessel appeared fair only. At the completion of the 
procedure the femoral arteries were pulsating normally. Following the procedure, there 
was good recovery of the circulation in the entire right lower extremity. This improve- 
ment lasted for about 12 hours, when it was noted that coldness and cyanosis had reappeared 
in the foot. Re-exploration cf the femoral vessels appeared mandatory. The common femoral 
and the profunda appeared to pulsate normally. The superficial femoral, however, appeared 
to be rethrombosed; the thrombus was quite adherent to the intima, thereby precluding an 
adequate thrombectomy. The patient was put on anticoagulants and a continuous caudal 
block. Within a few days the entire leg and thigh became markedly swollen and cyanotic 
due to massive venous thrombosis. On April 19, the right foot became gangrenous, and a 
mid-thigh amputation was performed 2 days later. Pathologic findings at the site of amputa- 
tion indicated that both the superficial and deep veins were filled with thrombi at various 
stages of organization. The arteries appeared arteriosclerotic and filled with fresh thrombi. 
It is noteworthy that the common femoral pulse remained palpable, indicating that the 
arterial patency achieved by the embolectomy was being maintained. 
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Fig. 5.—Embolus with proximal secondary thrombus removed from common iliac 20 days after 
clinical onset of occlusion. (Case 10.) 












CasE 10.—V. 8., a 50-year-old white woman, entered Montefiore Hospital on Feb. 1, 
1958, because of sudden pain in her right calf associated with coolness and numbness of the 
foot since Jan. 23, 1958. Past history revealed atrial fibrillation and a recent episode of 
subendocardial infarction. 

On admission none of the pulses of the right lower extremity were palable. Other 
findings were absence of motion of the toes, anesthesia of a sock-type distribution in the 
foot with hypesthesia in the leg, and coolness of the leg and foot with a cyanotic hue down 
to the toes. A diagnosis of embolism of the right common iliac artery was made. Anti- 
coagulants and a continuous caudal block were started immediately. Despite this treatment, 
on February 10, the patient complained of increased pain in the right leg which prevented 
her from sleeping. Examination revealed appearance of multiple petechiae in the foot and 
around the ankle. On February 12 the pain had become more severe and the number of 
petechiae had increased and extended from the foot to the leg. At this time, 20 days after 
onset, intervention appeared unavoidable. The common iliac artery was occluded at its bi- 
fureation by a thrombus. The external iliac artery appeared to be patent. Through an 
arteriotomy in the common iliac artery a thrombus was extruded quite easily. At the com- 
pletion of the procedure good pulsations were felt in the femoral artery. The embolus ap- 
peared well organized (Fig. 5). The intima of the common iliac artery appeared smooth and 
normal except for a bluish discoloration, There were no atheromatous plaques or ulcerations. 
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Postoperatively motion returned and all pulses were palpable except the dorsalis pedis. 
On February 25 the patient was discharged greatly improved, except for some residual 
ischemic neuritis. 

On April 2, 1958, a right femoral arteriogram showed a good retrograde filling of the 
iliac artery and a direct filling of the femoral and upper popliteal arteries (Fig. 6). The 
lower popliteal artery appeared partially occluded, with evidence of recanalization of the 
thrombus, while the posterior tibial artery was visualized. Follow-up indicated progressive 
improvement in the circulation of the limb. The anesthesia of the foot took about 6 months 
to clear up completely. 


Fig. 6.—Femoral arteriogram taken 50 days after iliac embolectomy showing normal ex- 
ternal iliac and femoral arteries. Note diminished opacification of popliteal artery suggesting 
a recanalization process of an old occlusion. (Case 10.) 


DISCUSSION 


It is unquestionable that early embolectomy is mandatory if avoidance of 
gangrene is to be achieved in a large percentage of patients with arterial em- 
bolism. From the voluminous literature on this subject it appears that the time 
within which successful results can be obtained may extend up to 10 or 12 hours. 
Beyond this interval the usefulness of embolectomy has remained questionable. 

Our personal experience with the foregoing 10 cases suggests that in some 
patients the temporal deadline for a successful embolectomy may be too rigid 
and unjustifiable. A brief review of the natural course of peripheral arterial 
emboli may be helpful in this discussion relative to early and late embolectomy. 

In a previous paper* on the clinical course of untreated and medically 
treated arterial emboli in 300 cases, it was found that: (1) in 13 per cent there 
was marked ischemia of the limb and early death (within 24 hours) of the pa- 
tient, (2) in 27 per cent there was massive ischemia with subsequent gangrene 
occurring within a few days after onset, (3) in 18.3 per cent there was marked 
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initial ischemia subsequently subsiding partly and resulting in chronic post- 
embolic ischemia, (4) in 25.3 per cent there was marked initial ischemia, subse- 
quently subsiding completely, (5) in 10.7 per cent the degree of circulatory 
recovery could not be ascertained because of the patient’s death a few days after 
onset or because of inadequate follow-up, and (6) in 5.7 per cent there was an 
asymptomatic embolism. 

Some of the cases in group 2 and most of those in group 3 may have bene. 
fited from a late embolectomy. Since it usually took a few days for gangrene to 
develop in group 2, it is fair to assume that the extremities of some of these 
patients may have been salvageable before irreversible changes set in. 

In the present series most of the eases fall in these two groups. While 
these patients did not develop frank gangrene, the viability of the extremity 
appeared always seriously threatened. Indeed, persistent color changes with 
coldness of the skin, severe ischemic neuritis characterized by loss of motion and 
sensation, and the occasional presence of small areas of incipient gangrene 
(Cases 7 and 8) were the outstanding clinical features in the foregoing 10 eases. 

Table I summarizes the site of emboli, time interval, and results of late 
embolectomy in our series. The distribution of the site of the embolus was: 
popliteal 4, common femoral 4, superficial femoral 1, and common iliae 1. Time 
elapsed from clinical onset of embolism to embolectomy ranged from 13 hours 
to 20 days, with the majority of cases extending far beyond 3 days. Late em- 
bolectomy in our 10 eases resulted in complete restoration of blood flow in 5, 
partial failure in 2, and complete failure in 3. In Case 7, at the time of the 
embolectomy performed 8 days after onset, irreversible ischemie changes were 
already present in the forefoot. Restoration of distal arterial cireulation could 
not be expected to reverse completely the pre-existing condition. However, the 
procedure was instrumental in limiting the neecrotie lesions to the toes which 
required only a transmetatarsal amputation. 


TABLE I. CASES TREATED BY LATE EMBOLECTOMY 








CASE | TIME | 











NUMBER SITE OF EMBOLUS | INTERVAL | RESULTS 

1 Popliteal 13 hr. Good 

2 Common femoral 21 hr. Gangrene; midleg amputation 

3 Common femoral 32 hr. Good 

1 Popliteal 3 days Gangrene; midleg amputation 

5 Superficial femoral 3 days Gangrene; mid-thigh amputation 
6 Popliteal 4 days Died with threatened gangrene 

7 Common femoral 8 days Good 

8 Popliteal 10 days Good 

9 Common femoral 16 days Gangrene; mid-thigh amputation 
10 Common iliac 20 days Good 











In Cases 2 and 4, on the basis of clinical evidence, it is likely that the 
emboleectomy ean be credited with lowering the level of amputation from above 
to below the knee. In Case 9, one of the 3 cases in which the procedure resulted 


in complete failure, the patency of the common and deep femoral arteries was 
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achieved and maintained by the 16-day-late embolectomy. In this ease gangrene 
occurred as a result of a superimposed massive venous thrombosis as attested 
by both clinical and pathologie findings.* 

Another point deserving some comment are the results obtained with pop- 
liteal embolectomy. In 4 of our cases, good results were achieved in 2 and the 
amputation level was lowered in 1. These results of late popliteal embolectomy 
(Tables I and II) are at variance with the prevailing opinion based on early 
embolectomy that popliteal emboli are best treated by conservative measures 
because of technical difficulties. 


TABLE II. LATE EMBOLECTOMY CASES REPORTED IN THE LITERATURE 











TIME 
AUTHORS | SITE OF EMBOLUS INTERVAL RESULTS 
Murray (1940) 1. Common iliae 25. hr. Good 
Olwin, Dye, and Julian 
(1953) 2. Common femoral 22 hr. Good 
3. Common femoral 24 hr. Gangrene; died 
4. Popliteal 4 days 700d 
5. Axillary 6 days Good 
6. Aorta and popliteal 19 days Good 
7. Popliteal 3 months Good 
Warren, Linton, and Scan- 
nell (1954) 8. Femoral 60 hr. ? 
9. Aorta 13 days Good 
Shaw (1956) 10. Common femoral 23 hr. Good 
11. Axillary 32 hr. Good 
12. Superficial femoral 33 hr. Good 
13. Common iliae 36 hr. Good 
Crawford and De Bakey 
(1956 ) 14. Popliteal (?) 18 hr. Good 
15. Popliteal (?) 36 hr. Good 
16. Femoral (?) 5 days Good 
17. Femoral 5 days Gangrene; amputation 
Shumacker and Jacobson 
(1957 ) 18. Aorta 13 hr. Amputation right; good 
left 
19. Superficial femoral 16 hr. Gangrene; amputation 
20. Common femoral 17 hr. Good 
21. Popliteal 20 hr. Pregangrene; died 
22. Superficial femoral 24 hr. Good 
23. Iliae 24 hr. Good; died 
24. Axillary 24 hr. Good 
25. Superficial femoral 48 hr. Good 
26. Iliae 48 hr. Gangrene; amputation 





Table II summarizes the results in 26 eases treated by late embolectomy 
reported by 6 groups of vascular surgeons. The distribution of arterial em- 
bolism was: popliteal 5, common femoral 7, superficial femoral 4, common iliac 
4, aorta 3, and axillary 3. Eighteen of the 26 late embolectomies were per- 
formed within 48 hours after onset, and the time interval for 7 ranged from 
3 to 19 days. In one case embolectomy was performed 3 months after onset. 
Of these 26 eases, 18 were successful, 7 resulted in gangrene, and in one case 
the result was not indicated. 

The over-all results of both series appear quite gratifying. Which are the 
factors responsible for the success or failure of a late embolectomy? 
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It has been established long ago that the outcome of an embolectomy will 
depend upon two local factors: (1) the extent of the secondary thrombus and 
(2) the degree of involvement of the arterial intima. As a rule, both of thes« 
pathologic changes are already pronounced within 6 to 10 hours after onset of 
the arterial occlusion by the embolus, hence the extreme importance of early 
embolectomy in order to obviate the above alterations. Fortunately, secondary 
thrombosis and structural mural changes may present individual variations. 
The clinical picture of embolism and the therapeutic results may depend to a 
great extent upon the degree and mode of combination of these and other factors. 

From a careful analysis of our clinical, pathologic, and experimental find- 
ings,® four factors appear to emerge as governing the outcome of a late embolee- 
tomy: (1) state of the intima of the artery at the site of the occlusion, (2) 
nonadherence of the embolus and secondary thrombus to intima, (3) patent 
distal arterial tree or adequate collaterals prior to embolization, and (4) pre- 
treatment with anticoagulants. 

1. The intima at the site of the embolectomy appeared to be smooth and 
relatively damage-free from atherosclerosis and embolic endarteritis in 7 of our 
10 patients. Absence of pre-existing lesions of the intimal endothelial lining and 
the lack of infection of the embolus very likely account for the smooth appear- 
ance of the intima. These pathologic findings are in agreement with our data 
on experimental embolism in the dog.* In the experiments with aseptic em- 
boli, intimal changes were quite discrete and were characterized by occasional 
swelling of the endothelium and only rarely by endothelial desquamation. These 
changes were unrelated to the duration of the embolism which ranged from 12 
hours to 6 days. In contrast to these findings, in the experiments with septic 
emboli, the intimal changes were marked and constant and were characterized 
by extensive swelling and desquamation of the endothelial lining. These changes 
appeared within 6 hours after the onset of the occlusion. 

Association of pre-existing lesions of both the intima and embolus would 
predispose to recurrence of thrombosis at the site of arteriotomy and would thus 
represent an unfavorable factor to late embolectomy. Although no intimal 
changes could be detected in most of our present cases, however, the entire 
wall exhibited a bluish discoloration involving all of the coats at the site of 
the embolus. The exact significance of this finding is not clear, except that it 
may reflect some degree of mural anoxia. 

2. A remarkable nonadherence of the embolus to the intima was found in 
7 of the 10 cases as well as of the secondary thrombus in 6 of these 7 eases. 
These findings may account for the successful removal of the embolus and 
thrombus in 6 cases and partial success in one instance (Case 9). In the re- 
maining 3 eases the adherence of the embolus and of the secondary thrombus 
to the intima was rather pronounced, thus rendering the procedure difficult 
and leading to recurrence of the thrombus. 

3. The pre-existing patency of the arterial tree distal to the location of 
the embolus is an important factor in determining the outcome of the proce- 
dure. Previous distal embolization or the presence of arteriosclerosis obliterans 
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are usually unfavorable conditions to a successful late embolectomy. In our 
series only 3 patients (Cases 1, 2, and 7) had no distal arterial disease in con- 
trast to the remaining 7 who had a previous popliteal embolism (Case 10), 
arteriosclerosis obliterans of the tibial arteries with (Cases 3 and 6) or without 
associated diabetes (Cases 4, 5, 8, and 9). 

The underlying heart disease may also be an index in the prognosis of 
the procedure. Table III indicates that patients with rheumatic heart disease 
have a better prognosis than those with hypertensive cardiovascular disease, the 
chief reason being that the patients of the former group have better peripheral 
arteries than those of the latter. 


TABLE III. UNDERLYING HEART DISEASE AND RESULTS OF LATE EMBOLECTOMY 
RESULTS 





NUMBER OF 





HEART DISEASE EMBOLECTOMIES GOOD GANGRENE 





1. Rheumatic heart disease 3 3 0 
2. Hypertensive cardiovascular disease 4 0 + 
3. Myocardial infarction 3 2 1 





4. Pretreatment with anticoagulants may be of great value in so far as it 
prevents or restrains secondary thrombosis from becoming extensive. Six of 
the 10 patients had anticoagulants for some time, ranging from a few hours to 
several days prior to or immediately following embolization. In our opinion this 
may account for the minimal or moderate secondary thrombosis encountered 
in these cases during embolectomy. In addition to the prophylactic action, the 
anticoagulants may also prevent the embolus and thrombi from adhering to the 
intima. Further experience is necessary to assess fully the value of pretreat- 
ment with anticoagulants in the outcome of a late embolectomy. 

The extent of the secondary thrombus may be the most important factor 
upon which depends the degree of collateral circulation and hence the survival 
of the extremity. Success of an embolectomy is primarily dependent upon com- 
plete removal of the secondary distally propagated thrombus. Its complete 
removal may sometimes be difficult to achieve. In such eases, retrograde flush- 
ing of the arterial tree may be carried out as an important adjunct in the oper- 
ative technique.’ * + In two of our cases this maneuver was quite helpful. 
Unfortunately this procedure is not always applicable especially in those pa- 
tients with distal arteriosclerosis obliterans. Should a late embolectomy prove 
not feasible, a lumbar sympathectomy, thromboendarterectomy, or bypass graft- 
ing procedure may be required.'* 14 


SUMMARY AND CONCLUSIONS 


1. Ten cases of late emboleectomy performed for embolism of the iliae, 
femoral, and popliteal arteries are presented. 

2. Time elapsed from clinical onset of embolism to embolectomy ranged 
from 13 hours to 20 days, with the majority of cases extending beyond 3 days. 

3. In 5 patients complete restoration of blood flow occurred. In the other 
5, embolectomy failed to prevent gangrene. In two of these unsuccessful eases, 
the embolectomy may be credited with lowering the level of amputation. 
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4. Analysis of the clinical and pathologic data suggests that four factors 
may govern the successful outcome of a late embolectomy: (a) intima relatively 
damage-free, (b) nonadherence of embolus and secondary thrombus to intima, 
(ec) patent distal arterial tree prior to embolization, and (d) pretreatment with 


anticoagulants. 
5. Our findings indicate that some patients with persistent severe post- 
embolic manifestations, regardless of time elapsed from their onset, may benefit 


from a late emboleetomy. 
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TRAUMATIC RUPTURE OF THE AORTA 


Epwarp Passaro, Jr., M.D., AnD WiLLiAM G. Pace, M.D., CoLumBus, OHIO 


(From the Ohio State University Hospital, Medical Center, Department of Surgery) 
INTRODUCTION 


RAUMATIC rupture of the thoracie aorta has been widely reported on 

the basis of autopsy and late operative findings. The literature on this 
problem has stressed the importance of early recognition and surgery. 

Eighteen cases of traumatic rupture of the thoracie aorta have been seen 
in the Ohio State University Hospital. Seventeen of these were discovered at 
autopsy, and, in the other, a late attempt at repair was unsuccessful. 

Lacerations of the aorta from blunt trauma to the chest are usually on 
the anterior aortic wall, transverse, and immediately below the ligamentum 
arteriosum. This location is readily accessible for surgical repair. 

Many of these patients will be brought into the emergency room seriously 
injured but not moribund. The mortality without surgical management clearly 
indicates the urgency of immediate surgery. 

In the present case, an early and aggressive approach was followed in 
the management of the patient. This represents the first ease reported with im- 
mediate intervention and successful repair of such a laceration. 


CASE REPORT 

A 30-year-old white man was the driver of a car which struck a tree head-on at approxi- 
mately 50 m.p.h. He was thrown violently against the steering wheel, which was demolished. 
He received multiple fractures of the right leg, a semicircular contusion of the right anterior 
chest, and a fracture of the right sixth rib laterally. On awakening, the patient complained 
of chest pain, and the initial chest x-ray showed some enlargement of the aortic knob, but no 
other significant abnormality. Serial chest films over the following 6 hours showed progressive 
opacification of the right periaortic area, and widening of the mediastinum (Figs. 1, 2, and 
3). There was a steady fall in the blood pressure with a rising pulse rate. <A tentative 
diagnosis of traumatic rupture of the aorta was made and blood transfusions were started. 
The patient was transferred to the University Hospital. 

On examination, the patient was in moderate distress; the blood pressure was 130/80 
mm. Hg, pulse 120, and respirations 30. The pain was limited to the right leg, which was 
in a Thomas splint. He consistently denied any chest pain. Breath sounds were present 
in both apices. The heart tones were of good quality; no murmurs or thrills were present. 
The abdomen was tympanitic and nontender. The neurological examination was normal. A 
fracture of the mid-femur and of the ankle were apparent. The hemoglobin was 12, the 
hematoerit 39, and the white blood count was 33,000 with 96 per cent neutrophils. Chest 
films showed marked widening of the mediastinum with some opacification of the left lung 
field. The stomach was markedly distended, The patient was given 2 units of blood and was 
taken to the operating room. 
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Fig. 1. Fig. 2. 


Fig. 1.—Initial film which shows a widened mediastinum. 
Fig. 2.—Film made 3 hours later. There has been progression of the mediastinal widen- 
ing and obscuration of the aortic knob. 


Fig. 3.—Film made on admission to University Hospital. Opacification of the left lung field 
has taken place which indicates free blood in the pleural space. 
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The left chest was opened through an incision over the fifth rib. A huge retropleural 
hematoma.of approximately 2,000 ¢.c. was removed. On the anterior aspect of the descending 
aorta, approximately 2 to 3 cm. below the left subclavian artery, a complete punctate tear, 
3 mm. in diameter, was noted. After mobilization of the aorta, De Bakey aneurysm clamps 
were placed proximal and distal to the laceration. The defect was closed with arterial silk 
sutures. A Teflon mesh patch was then sutured over the site of closure. The aorta was 
occluded for 17 minutes, and at the end of that time the distal and then the proximal clamps 
were removed. The heart had dilated markedly during the period of clamping and con- 
duction disturbances were noted on the cardiac monitor oscilloscope (Fig. 4). After release 
of the aortic clamps, the operative site remained dry. Further exploration was negative. 
No other trauma was noted. The spleen was small to palpation through the diaphragm. 
A chest drainage tube was inserted and the incision closed. 

Following closure of the chest, an orthopedic team inserted an intramedullary pin 
in the right femur, reduced the ankle fracture, and applied a short leg cast. During the 
procedure, the patient received Cedalanid prophylactically. 

Postoperatively, vital signs remained stable except for transient hypertension. The 
patient put out ample quantities of urine. The chest tube drained a total of 200 c.c. of 
serosanguineous fluid and was removed in 72 hours. Repeat chest films show a normal medi- 
astinum and clear lung fields (Fig. 5). 


DISCUSSION 


This case is presented for discussion of the features of diagnosis and 
management of traumatic rupture of the aorta. Strassman*t has shown that 
traumatic rupture of the aorta is usually due to automobile accidents (70 per 
eent). The patient is usually the driver or a pedestrian. These patients are 
most often young aduit males. 

Clinically, there is evidence of trauma to the chest, with or without rib 


fractures, chest pain, and respiratory distress. Serial chest films show pro- 
gressive widening of the mediastinum, and obscuration of the aortic knob. The 
tracheal air shadow appears pronounced in contrast to the surrounding fluid 
density. The lung fields may remain clear. Others'*° have shown that the 
majority of such lacerations are confined to the area immediately distal to the 
ligamentum arteriosum (Fig. 6). The extrapericardial ascending aorta accounts 
for most of the remaining lacerations. Intrapericardial lacerations are rare. 
Tears tend to be transverse, involving all layers of the vessel wall. 

The mechanism of these lesions is not clear. Rice and Wittstruck® postu- 
late that the unequal transverse deceleration between the relatively fixed 
aortie arch and the mobile descending aorta and heart cause the greatest stress 
to be applied at these points. 

Exploration is indicated in suspected mediastinal bleeding. A thoracotomy 
incision through the left fourth intercostal space affords excellent exposure 
of the aorta in its commonest sites of laceration. If it becomes necessary to 
cross-clamp the aorta for repair of the laceration, occlusion should not be 
maintained for more than 20 minutes. It is recommended that partial oeclu- 
sion of the inferior vena cava be instituted at the same time to prevent over- 
distention of the heart. Facilities for hypothermia should be available. 

The prognosis for untreated cases is uniformly poor. There are reported 
cases of 10 to 20 days follow-up before death ensued from irreversible shock. 
With recent advances in cardiovascular surgery, such a course is unwarranted. 
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Fig. 4.—Conduction disturbances. A, normal tracing; B, aorta occluded (note widening 
of QRS complex, notching of the R wave, and enlargement of the P and T waves): C, marked 
enlargement of the P and T waves (the QRS pattern is minute); D, confluency of the P and 
T waves (no QRS pattern evident, the heart is markedly dilated, the aorta was released at this 
point) ; HE, re-emergence of QRS between enlarged P and T waves; F, return of normal con- 
figuration with inversion of T wave. 

Fig. 5.—Postoperative film. 
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Fig. 6. Fig. 7. 
Fig. 6.—Sites of laceration (Strassman). Rupture of aorta, 72 cases. 


Fig. 7.—Lateral view of the retrograde aortogram. A fusiform aneurysm is seen on the 
descending aortic arch. The Teflon felt patch lay immediately inferior. 
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SUMMARY 


A successful case of traumatic rupture of the aorta has been presented. 
Diagnosis and the surgical management of this condition are discussed. Surgi- 
eal intervention is recommended in suspected cases, and recommendations have 
been made on the surgical management. 


ADDENDUM 


In postoperative follow-up the patient remained asymptomatic. Two months following 
discharge, he was readmitted and a retrograde carotid aortogram was made. A small fusi- 
form aneurysm was demonstrated posteriorly on the distal aortic arch (Fig. 7). The dilata- 
tion was proximal and posterior to the region encompassed by the Teflon felt patch. 

An unrecognized tear or contusion of the aortic media with subsequent dissection may 
account for the present picture. Such medial dissection following trauma has been reported 
by others. 

The patient will be followed further with chest films and repeat retrograde carotid 
aortogram. 

Operation on this patient was performed by Karl P. Klassen, M.D., Professor of Sur- 
gery, and Chief of the Division of Thoracic Surgery, The Ohio State University Health Center. 
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DEPRESSION OF VENTRICULAR FUNCTION FOLLOWING ELECTIVE 
CARDIAC ARREST WITH POTASSIUM CITRATE 


V. L. Wittman, M.D., THEopore Cooper, M.D., Px.D., 
PANAGIOTIS ZAFIRACOPOULOS, M.D., AND 
C. Rotuins HANuon, M.D., 
St. Louis, Mo. 


(From the Department of Surgery, St. Louis University) 


LECTIVE cardiac arrest with potassium citrate may alter the rhythm of 

the heart and depress myocardial function. Alterations in rhythm have 
been the basis for evaluation in most reports of elective cardiac arrest® * ° but 
myocardial function has not been studied. We are reporting measurements of 
left ventricular work before and after elective cardiac arrest with potassium 
citrate. 
METHODS 


Mongrel dogs weighing 9 to 11 kilograms were anesthetized with 2.5 per 
cent thiopental sodium intravenously. Sucecinylcholine 0.1 per cent was then 
given as required to effect respiratory paralysis. The lungs were inflated with 
oxygen by means of an automatic respirator? vented at a pressure of 20 em. 
H.,O. Lead II of the electrocardiogram was continuously monitored. Systemic 
pressure was recorded through a catheter in the right femoral artery. This 
catheter also served as a perfusion route during the cardiopulmonary bypass. 

Thoracotomy was performed through the right fourth intercostal space. A 
catheter in the pulmonary vein of the right middle lobe permitted measurement 
of left atrial pressure. 

Cardiae outputs were caleulated* ° from dye dilution curves obtained by 
aspirating blood from the right carotid artery through a cuvette densitometer 
following injection of T-1824 (Evans blue) or indocyanine green dye into the 
right atrium. Homologous blood was infused into the external jugular vein to 
elevate left atrial pressure over a range of 2 to 20 em. H.O. Left ventricular 
function curves’ were obtained as control. 

Extracorporeal circulation employing a Kay-Cross disk oxygenator! was 
then initiated. Flows were adjusted to maintain a mean arterial pressure be- 
tween 70 and 110 mm. Hg. In some animals, we occluded caval inflow and de- 
compressed the right atrium without arresting the heart. In others the heart 
was arrested with 2.5 per cent potassium citrate in blood and the left ventricle 
was decompressed with the ascending aorta occluded. When ventricular fibril- 
lation followed release of aortic occlusion, it was reverted by shocking with 110 
volt, A.C., 60 eyele current. 


Aided by Grant H-3826 from the United States Public Health Service. 
Received for publication March 12, 1959. 
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Allowing at least 10 minutes for stabilization after resumption of normal 
circulation, dye dilution curves were again secured as left atrial pressure was 
varied from 3 to 20 em. H.O by infusion of blood. These studies were repeated 
at various times as late as 7 days after perfusion. 
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Fig. 1—Hemodynamic responses to transfusion before and after 30 minutes of cardiopulmo- 
nary bypass without cardiac arrest. Dog weight 10 Kg. 


RESULTS 


Control.—Three animals were subjected to extracorporeal circulation by the 
technique of inflow occlusion and right atrial decompression without cardiac 
arrest. Bypass was continued for 20 minutes in one animal and for 30 minutes 
in the other two. In each instance, stroke work at any particular left atrial 
pressure was as great or greater following perfusion as it had been with com- 
parable left atrial pressure before perfusion. The blood pressure, cardiac out- 
put, and total work of the heart were also unimpaired by the period of 
perfusion. The pulse rate was generally slowed. Fig. 1 depicts curves con- 
structed from the data obtained from one animal. Curves from the data of 
the other control animals demonstrate a similar relationship between the pre- 
and postperfusion periods. These control animals demonstrated that the 
operative procedure and the extracorporeal circulation of themselves did not 
alter the ability of the heart to increase eardiae output and stroke work on 
demand. 
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Twenty-Minute Arrest—In 6 dogs, the heart was arrested for 20 minutes 
with potassium citrate. Three of these animals showed severe depression of 
eardiae output and stroke work in the period immediately after perfusion. 
Function was less impaired after 24 hours and had returned to nearly normal 
levels at 48 hours. Fig. 2 represents the data from one such experiment. It 
is noteworthy that at 48 hours postperfusion when the stroke work had re- 
turned to the range of the control period, cardiac output remained lower. This 
is explained by the slower cardiac rate and higher mean arterial pressure which 
resulted in an elevated stroke work in the presence of lowered output. The 
relationship between stroke work before and after arrest in this dog is 
representative of all the animals in the group. 
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Fig. 2.—Hemodynamic responses to transfusion before and after cardiopulmonary bypass with 
elective cardiac arrest of 20-minute duration. Dog weight 11 Kg. 


Thirty-Minute Arrest.—In 6 dogs, the heart was arrested for 30 minutes 
with potassium citrate. All of these animals showed severe depression of 
myoeardial function, evidenced by low cardiac output which was not increased 
with transfusion and by decreased stroke work at all levels of left atrial 
pressure. Twenty-four hours after perfusion, the depression of function was 
less severe but had not returned to normal. In one animal, studied after 7 
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days, there was return to nearly normal levels of function (Fig. 3). The 
pattern of depression of myocardial function in this animal is representative 
of that observed in every animal in this group. 

In the period after arrest, increased peripheral vasoconstriction served 
to maintain blood pressure at a nearly normal level in spite of low cardiac 
output. 
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Fig. 3—Hemodynamic responses to transfusion before and after cardiopulmonary bypass with 
elective cardiac arrest for 30 minutes. Dog weight 10.4 Kg. 
DISCUSSION 

It has been observed that the mortality rate of animals subjected to 
cardiae arrest with potassium citrate is greater than that of control perfused 
animals. The basis for this has not been clarified. We have also noted, in 
certain patients after prolonged periods of arrest, the development of severe 
vasoconstriction, pallor, and lethargy. This study indicates that the source of 
such a syndrome may reside in the heart itself and more particularly in its de- 
creased ability to perform adequate amounts of work. Following 30 minutes 
o! arrest, cardiac output was fixed at a low level and could not be appreciably 
increased by infusion of blood to the point of striking elevation in left atrial 
pressure. This eliminates primary hypovolemia as the cause of the lowered 
output. 
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In this state of decreased work capacity, it is remarkable that the animals’ 
blood pressure was generally above 100 mm. Hg; the ECG appeared normal and 
the pulse rate was 100 to 140 per minute. It is apparent that these measure- 
ments in the postoperative period are not as satisfactory a guide to the condi- 
tion of the cardiovascular system as is a knowledge of the cardiac output. 
After elective chemical arrest of the heart, its inability to perform in- 
creased work upon demand seems to warrant the use of measures to lower 
demands on eardiae output. Cardiotonic agents would also be valuable agents 
in the postoperative period. Various adjuncts to present techniques of cardiac 
arrest are being investigated to determine their effect in minimizing depression 
of myocardial function. 
SUMMARY 


A method is described for comparing the functional capacity of the heart 
in the intact animal before and after elective cardiae arrest with extracorporeal 
circulation. Following extracorporeal circulation for up to 30 minutes, there 
was no alteration in the stroke work or cardiac output of the heart over wide 
ranges of left atrial pressure. 

Following cardiac arrest for 30 minutes with 2.5 per cent potassium citrate, 
there was a profound decrease in cardiac output, cardiae stroke work, and 
total work. Twenty minutes of arrest produced similar though less profound 
changes in function. 

These observations emphasize the deleterious potential of prolonged cardiae 
arrest with potassium citrate and implicate the myocardium as a source of 
difficulty following extracorporeal circulation with arrest. 
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DETECTION AND DIRECT RECORDING OF LEFT-TO-RIGHT 
SHUNTS WITH THE HYDROGEN ELECTRODE CATHETER 


LELAND C. CLARK, JR., P#..™., anpD L. M. BarGEron, JR., M.D., 
BIRMINGHAM, ALA. 
(From the Department of Surgery, University of Alabama Medical Center) 


ETECTION of left-to-right shunts is an important aspect of the 

diagnosis of congenital heart disease. Present methods for detecting 
these shunts depend largely upon the analysis of blood samples, drawn from 
the right heart through a catheter, with subsequent gas analysis. It is the 
purpose of this report to describe a method for detecting left-to-right shunts 
which does not require drawing blood samples but which depends upon the 
use of a platinized platinum electrode capable of sensing hydrogen-containing 
left heart blood flowing into the right heart. The electrode, mounted at the 
tip of a cardiae catheter, develops a potential in the presence of blood which 
has been exposed to hydrogen in the lungs following the administration of 
a breath of hydrogen to the patient. Preliminary descriptions of the prin- 
ciples involved have been made.* * © 

By suitable placement of hydrogen electrodes, the response of which is, 
for practical purposes, instantaneous, it is possible to time accurately the 
inhalation of hydrogen and its subsequent appearance in any part of the 
circulatory system. Further, its rate of build-up in, and disappearance from, 
the blood can be simultaneously and continuously monitored from different 
points. All of these events are readily recorded by instrumentation available 
in eardiae catheterization laboratories. A large potential (in the order of 
100 mv.) is developed by the electrode when used as described below. A more 
detailed account of the relationship between the electrode potential developed 
in blood and its hydrogen and oxygen tensions will be the subject of a future 
report. 

In essence, by using small platinum electrodes it now becomes possible 
to time precisely and automatically the direct ‘‘injection’’ of a substance in the 
left side of the heart and to record its time of arrival and rate of build-up in the 
right side of the heart or elsewhere in the blood stream. 


MATERIALS AND METHODS 


Catheter Electrodes—Cardiae catheters having a platinum tip are pre- 
pared by mounting a platinum ‘‘nail’’ in the tip of the catheter. The shank 
of the ‘‘nail’’ is cemented in the tip of the catheter after soldering a suitable 
(multistrand copper wire, Kel-F insulated) wire to the point of the ‘‘nail.’’ 


This work was supported by U. S. Public Health Service Grants H-3109 and H-2602. 
Received for publication June 19, 1959. 
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Nasal catheters were prepared in a similar way except that a more flexible 
plastic nasogastric tube was used. Instead of these nasal catheters and where 
gaseous hydrogen was to be recorded without electrical contact with the 
patient, a modified Clark electrode? was used as a hydrogen ‘‘airway signal.’’ 

















Reference Electrode—A T-shaped piece of sheet silver was used as a 
reference, or neutral electrode, by bringing it into contact with the skin 
through a saline-soaked pad or with ECG electrode paste. Other types of 
skin reference electrodes could be applied since the type of skin electrode used 
affects only the initial (before hydrogen administration) potential. 

Preparation of the Catheters——The platinum tip is coated with ‘‘ platinum 
black’’ by placing it in a 5 per cent solution of platinie chloride and connecting 
the lead wire to a source of 1.5 v., such as a flashlight battery. A piece of 
platinum wire is placed in the platinizing solution to serve as the anode. 
Plating is continued for about a minute or until the platinum tip is per- 
ceptibly gray. 

It is preferable to replate the tips after every 10 catheterizations. 































































Fig. 1—Switchboard and panel. On the left is shown a small switchboard clamped to 
the table near the patient. Positions 1, 2, and 3 are clip leads to electrode catheters. FR is 
the lead for the common silver electrode to the skin. Position 4 is for use of a membrane 
hydrogen electrode? with its own internal reference. <A _ shielded multilead cable goes from 
this board to the panel shown on the right which is mounted on the oscilloscope rack. The 
panel has two position switches, R (read) and S (short), a button (B) for 50 mv. signal 
obtained from the mercury battery shown, and a polarity-reversing switch (P). Four jacks 
on this panel (1, 2, 3, 4 shown on extreme right) accept “patch cords” to the D.C. input of 
amplifiers on the oscillograph or to direct writing potentiometers. 














Circuit.—Sinee the catheter tip develops a potential with respect to the 
reference electrode, a single silver electrode can be used for several platinum 
black eleetrodes. The pair of wires, one to the platinum and one to the 
reference electrode, are simply connected directly to the D.C. input of an 
oscilloscope, D.C. amplifier, or potentiometer. Provision of a 50 my. signal, 
polarity-reversing switches, and a switch to ‘‘short’’ the electrodes are con- 
venient, although not essential (Fig. 1). One ean always be certain that the 
circuits are complete and the components are functioning in any specific 
catheterization by the appearance of the ECG in the tracings from both th 
nasal and eardiae catheters. 
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Recording.—The work reported here was done with the D.C. amplifiers 
and oscillographie reeording equipment manutactured by Electronics for 
Medicine. Full-seale sensitivity was set at approximately 100 mv. and chart 
speed was routinely kept at 2.5 mm. per second with one second time markers. 

Hydrogen Administration.—The nasal catheter is inserted into the nose 
to a depth of about an inch. The tip must contact the moist tissue. When 
positioned satisfactorily, as judged by the appearance of the ECG obtained 
from it, it is taped in place. Commercial tank hydrogen is given by mask 
with the usual precautions used in the administration of inflammable anesthetic 
eases. Because hydrogen is considerably less dense than air, the face mask 
should be held as an inverted bowl. It is advantageous, especially in infants 
and children, to fill the mask with hydrogen and lower it over the face just 
before inspiration. It is not necessary for the patient to inhale deeply when 
the hydrogen is given; a normal breath is sufficient. The test may be repeated 
as often as onee every 2 minutes. 

THEORY 

The hydrogen electrode is the classic reference electrode in physical 
chemistry and for many years preceding the development of the glass electrode 
was the only means of determining hydrogen eccncentration. The hydrogen 
electrode was first used for measurements of acidity by Bottger.t Its potential 
is developed by the following reaction: 

2H* + 2e = H, (gas). 


When used in the measurement of hydrogen ion activity, a platinum black 
electrode is kept saturated with hydrogen at atmospheric pressure whereby 
the potential develcped becomes a function of the effective concentration of 
hydrogen ions. In blood, the hydrogen ion activity is relatively constant 
(pH 7.4 + 0.2) and therefore the potential developed becomes a function 
of the concentration of gaseous hydrogen. In the absence of oxygen the 
potential follows a well-established equation,* but in the presence of oxygen, 
which tends to decrease the potential, probably by consuming protons from 
the eclloidal platinum surface, the voltage developed is not subject to theo- 
retical calculations. These factors and the influence of catalytic oxidation 
and reduction by the platinum black surface® will be the subject of future 
reports. 

RESULTS 


Over 40 hydrogen electrode ecatheterizations have been completed in 
animals and in patients. An equivocal diagnosis has not been made with the 
hydrogen electrode catheter. To simplify the present report, we will present 
typical tracings obtained from the normal heart, and in patients having 
auricular and ventricular septal defects, patent ductus arteriosus, and chronic 
heart failure. 


2.¢ 7 
*AE = aahee Rt log on where R = 8.31 joules deg-1 mole, F = 96,493 coulombs 


equiv? and T = t° C. + 273.2. 
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Fig. 2 is a schematic drawing of the heart with representative hydrogen 
potential curves from each chamber. The curves on the arterial side are quite 
similar to one another; each shows that the hydrogen appears in the left heart one 
second after its entrance in the trachea. The curves from the arterial side 
are characterized by a steep slope which follows closely the slope of the hydro- 
gen concentration recorded by the nasal electrode. 
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AIRWAY 
SIGNAL 










SUPERIOR 
VENA CAVA 










AORTA 





AIRWAY 
SIGNAL 


























































CORONARY —s 
SINUS ~ 
&, AIRWAY 
AIRWAY SIGNAL 
SIGNAL 
, — LEFT 
ij = AURICLE 
AIRWAY 
SIGNAL — 
INFERIOR 
VENA CAVA —_— seamen 
. AIRWAY LEFT 
SIGNAL VENTRICLE 


— 





RIGHT 
VENTRICLE 









Fig. 2.—Representative hydrogen potential curves from various chambers of the heart 
following a single breath of hydrogen. The “airway signal” is the potential developed by a 
platinum black electrode in the nasal passage. It serves to time the entrance of hydrogen 
and to give a measure of the hydrogen concentration in the respiratory gas. The base line, 
at the top of the record, is graduated in one second intervals. The catheter electrode trac- 
ings shown were obtained from different patients. The tracing for the aorta was obtained 
from a Catheter inserted via a large patent ductus, that for the left auricle via a patent fora- 
men ovale, and that for the left ventricle via a ventricular septal defect. Similar tracings are 
found in the normal dog using right heart and left heart. (via carotid) catheterization. 














The venous curves are entirely different from the arterial curves. Ii 
requires 8 seconds for hydrogen-containing blood to reach the vena cava after 
the hydrogen has passed the nasal catheter. An exception to this is the 
coronary sinus blood which reaches the right auricle 5 seconds after hydrogen 
inhalation. The quantity of this blood is so small that it is quickly diluted 
to the point where it cannot be detected except at the coronary sinus ostium. 
Coronary sinus, cavae, and right heart curves have similar gradual slopes. 









When a left-to-right shunt is present, blood from the arterial side appears 
immediately in the right heart and the curve obtained in the right heart at 
shunt level and in all chambers distal to this resembles an arterial curve. 
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The appearance time is shortened to one second. If the shunt is very small, 
the slope of the curve may be only slightly changed, whereas in a moderate 
or large shunt the slope and height become identical to the arterial type 
tracing. All chambers proximal to the shunt, of course, continue to produce 
a venous type of hydrogen build-up curve. 

Fig. 3 represents a series of curves taken from a child with an atrial 
septal defect. The tracing proximal to the shunt, the superior vena cava in 
this case, shows the typical venous response. That taken from the right 
atrium is typically arterial as are those taken beyond the atrium in the pul- 
monary artery and right ventricle. 

Fig. 4 represents a series of tracings taken from a child with a ventricular 
septal defect. It may be noted that venous curves are obtained in the superior 
vena cava and right atrium but that when the ventricle is reached the appear- 
ance time changes from 8 seconds to 1 second and the slope of the curve 
becomes typically arterial. 

Fig. 5 is a very interesting curve taken from a child with a patent ductus 


The shunt was too small for oxygen data to be conclusive (Table 


arteriosus. 
9) 


I). The appearance time of the hydrogen in the pulmonary artery of 2 
seconds, typically found in these patients to date, contrasts with the appearance 
time of 8 seconds in the right ventricle. The curve is not arterial in shape 
due to the very small shunt present. Fig. 6 presents the curves recorded from 
a child with endocardial fibroelastosis and severe heart failure. The curves 
are venous in character but the appearance time is lengthened to 20 to 30 
seconds throughout the right heart. This is interpreted as a manifestation 


of the very low eardiae output. 


TABLE I. AVERAGE OXYGEN CONTENT OF BLOOD SAMPLES FROM PATIENTS 
SHOWN IN Figs. 2, 3, 4, AND 5 








DIAGNOSIS 
AURICULAR VENTRICULAR PATENT 
SEPTAL SEPTAL DUCTUS ENDOCARDIAL 
CATHETER DEFECT DEFECT ARTERIOSUS FIBROELASTOSIS 
POSITION (Vv J) (Vv %) (Vv %) (Vv %) 
10.0 8.8 13.4 
10.2 9.0 13.5 
12.7 9.0 13.5 
12.5 pie 12.8 
ke 12.5 11.2 13.5 
Capacity 15.8 14.5 15.9 
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DISCUSSION 


The platinum black hydrogen electrode catheter has proved to be a 
nearly ideal tool for the study of left-to-right shunts. Its main advantages 
are its instantaneous response, the fact that it responds to a foreign gas, 
that it ean be placed near the shunt itself, and that blood samples need not be 
taken. Since its electrical response is not directly related to its size, many 
small electrodes may be mounted along the length of a cardiae eatheter, so 
as to give simultaneous recordings from the vena cava and the various chambers 
of the heart. 
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Fig. 3.—Hydrogen electrode tracings: auricular septal defect. The vertical time lines 
are one second intervals. Full scale is 100 mv. The fluctuations in the “airway signal” a! 
due to respiration. In the “airway signal” on the lower left the nasal catheter became par- 
tially dislodged about 15 seconds after the hydrogen was given and hence the failure of th 
signal to return to base line. 
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Fig. 4.—Hydrogen eiectrode tracings: ventricular septal defect. Vertical time lines are 
one second intervals. Full scale is 80 mv. In the above record the ECG tracing was use 
as the base line. The middle curve on the right is a higher speed tracing showing the rate 
at which the hydrogen is transferred from the nasal passage to the pulmonary artery when 
ventricular septal defect is present. The lower two curves are consecutive tracings whic! 
illustrate the order of reproducibility obtained. 
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Fig. 5.—Hydrogen electrode tracings: patent ductus arteriosus. Vertical lines are one 
second intervals. Base line at the top. The dotted appearance of the start of the “airway 
signal” illustrates the speed of response of the electrode itself. The oscilloscope scanning beam 
is made by 1,500 bursts per sceond. The slight upward movement at the beginning of the 
tracing of the right ventricle is due to the fact that the blood was still being cleared of 
hydrogen at the time a new breath was administered. Four curves are shown to illustrate 
reproducibility. 
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Fig. 6.—Hydrogen electrode tracings: endocardial fibroelastosis. Vertical time lines are 
One second intervals, These curves were made at higher sensitivity (full scale 60 mv.) in 
order to magnify the venous tracings. 
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The ECG, which is continuously recorded from the platinum tip, is 
useful in determining the location of the tip and in providing warning 0! 
irritable heart action. The sensitivity of the electrode to oxygen, expected 
from the theory of its action, is also sometimes useful in that a potential shift, 
in a direction opposite to that of hydrogen, indicates that the tip is entering 
a well-oxygenated stream. 

If a satisfactory procedure can be developed for giving a hydrogen 
saturated solution intravenously, the platinum black electrode, as a needk 
in a peripheral artery, may be useful in detecting right-to-left shunts, for 
it would be expected that a hydrogen-saturated solution following the norma! 
route through the lungs would be more or less cleared of hydrogen while that 
flowing through an intracardiae shunt would carry hydrogen directly to the 
arterial side. 

Catalytic oxidation, or dehydrogenation, of organic compounds by the 
platinum black surface also offers possibilities as a means of detecting indicator 
substanees electrochemiecally. 


The hydrogen electrode may find use in studies of pulmonary function 
and in studies of the rate of flow through various organs of the body. 


Hydrogen has no discernible physiologic or pharmacologic activity. 
SUMMARY 


The platinum black electrode develops a large potential in the presence 
of blood containing dissolved hydrogen. Such electrodes mounted in the 
sardiae catheters and placed in the right side of the heart provide a means 
for detecting hydrogen-containing blood flowing through a shunt to the right 
side. Both time of appearance and build-up rate are useful in establishing 
the presence of a shunt. The method has been used in the diagnosis of septal 
defects and patent ductus arteriosus. 


We would like to express our appreciation for the interest and encouragement of 
Dr. Champ Lyons. Mr. E. 8S. Campbell assisted by building the switchboard, panels, and 
D.C. amplifiers. 

This investigative program was accomplished under grants in aid from the U. 8. Public 
Health Service, H-3109 and H-2602. 
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ARTERIAL DIAGRAM 


I. RiwcGeway TRIMBLE, M.D.,* BaLtimore, Mb. 


(From the Department of Surgery, The Johns Hopkins University School of Medicine) 


N arterial diagram is presented for use in peripheral vascular surgery. It 
was designed primarily for recording graphically the location of the sites 

of various arterial grafts or areas of thromboendarectomy by the surgeon at 
the end of an operation, and is printed upon regulation chartpaper pads 


(814 by 11 inches). 


Other uses are (1) the recording of the areas of arterial narrowing or 
occlusion as well as the extent of the ganglionectomy after palpating the aorta 
and iliac vessels when performing a lumbar sympathectomy ; (2) the recording 
of these arterial areas by the radiologist as he interprets the aortogram or the 
arteriogram; and (3) the recording of peripheral pulses on routine physical 
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examinations before and after surgery. 





Received for publication June 23, 1959. 
*Associate Professor of Surgery. 


805 















A TECHNIQUE FOR SAMPLING MIXED HEPATIC 
VENOUS BLOOD IN DOGS 


WALTER F.. BALLINGER II, M.D., Georce J. Haupt, M.D., Norton Herina, M.D., 
AND JOHN H. GisBon, Jr., M.D., PHILADELPHIA, PA. 


(From the Department of Surgery, Jefferson Medical College) 
INTRODUCTION 

URGICAL interest in problems related to the liver has been intensified 

in recent years, and a better understanding of hepatie function, especially 
during situations of stress, is needed. The development of an accurate method 
for the sampling of the constituents of mixed hepatie venous blood would 
greatly facilitate the study of hepatie function. This report describes such 
a method in dogs, with the use of the isolated proximal inferior vena ¢ava 
as a sampling site. It may be applied in either normal or abnormal conditions, 
such as hemorrhagic shock or hypothermia, and samples may be obtained 
with or without anesthesia. 


MATERIALS AND METHODS 


Healthy adult mongrel dogs are used. An ineision is made in the right 
fourth intercostal space and the azygous vein is divided near the superior 
vena cava. The proximal stump is temporarily occluded and the distal stump 
is ligated. A second incision is made in the right ninth intereostal space and 
the tendinous portion of the diaphragm is incised. The inferior vena cava 
is mobilized and divided between the highest adrenal vein and the lowest 
hepatic vein. The distal stump is temporarily occluded and the proximal 
stump is ligated. An aortic homograft or a siliconized plastic tube is inserted 
between the proximal stump of the azygous vein and the distal stump of the 
inferior vena cava. The diaphragm is dissected away from the proximal 
segment of the inferior vena cava and all contributing veins are ligated. Thus, 
all the inferior vena caval blood, except that coming from the liver, is shunted 
through the superior vena cava, and the proximal segment of the inferior 
vena cava now transports only mixed hepatie venous blood (Fig. 1, B). 

A third incision is made in the right side of the neck. <A catheter is 
placed in the external jugular vein and threaded through the right atrium so 
as to lie in the proximal inferior vena cava for sampling mixed hepatic venous 
blood. The eatheter is irrigated with heparin-saline solution. 


RESULTS 





The grafts have remained patent for approximately one week regardless 
of the type used. During the period when gradual occlusion is taking place, 











This investigation was supported by Grant No. A-1814, U. S. Public Health Service. 
Received for publication May 21, 1959. 
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large collateral veins dilate in the retroperitoneal area and in the anterior 
abdominal wall (Fig. 1, C). Angiograms (Fig. 2) and postmortem dissections 
(Fig. 3) have revealed no venous tributaries entering the proximal (hepatic) 
inferior vena caval segment. 

A total of 48 dogs have been operated upon as described. There have 
been 21 deaths, the majority of which oceurred early in the series when we 
were using aortic homografts. Substitution of plastic tubes which are merely 
inserted into the recipient vessel and ligated in place has halved the operative 
time and the mortality rate has decreased considerably. It is of interest that 
only one death was known to have oecurred from a pulmonary embolism 
resulting from a graft thrombus. This death occurred on the fourth post- 
operative day. All other deaths oceurred before the second postoperative 
day and were caused by technical errors and infection. 





? 


~ 


Fig. 1—A, Normal venous return. B, The inferior vena cava has been divided between 
the highest adrenal vein and the liver, and the proximal stump ligated. The azygous vein 
has been divided and the distal stump ligated. A shunt has been interposed between the stump 
of the distal vena cava and the stump of the proximal azygous vein. The proximal inferior 
vena cava now carries only mixed hepatic venous blood. C, After several weeks the shunt 
has gradually become thrombosed and venous circulation from the lower abdomen is entirely 
taken over by collaterals. 


In 4 dogs, venous pressures were measured in the distal inferior vena 
cava immediately before occlusion, immediately after insertion of the graft, 
and 6 weeks later. Following insertion of the graft, the venous pressures 
were 6 to 8 em. HO higher than before. Six weeks later, after occlusion of 
the graft and with development of venous collaterals, there was no further 
rise in this pressure. Neither hematuria, ascites, nor edema of the hind limbs 
developed in any of the animals which survived. 
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Liver function as measured by Bromsulphalein retention was determined 
in 5 animals preoperatively and at weekly intervals postoperatively up to one 
month. An injection of 2 mg. per kilogram of Bromsulphalein was given 
intravenously, and in 30 minutes all the dye was exereted, in both the pre- 
operative and postoperative periods, in all dogs studied. 





Fig. 2.—Radiopaque material has been injected into the inferior vena cava 6 months fol- 
lowing the first operations. No vessels are seen to enter above the level of the hepatic 
veins. A portion of the hepatic venous system is outlined by the medium. The ligated stump 
of the inferior vena cava distal to the lowest hepatic vein is seen. 





Fig. 3.—-Dog sacrificed 9 months after operation. Dorsal view shows the graft extending 
from the distal segment of the inferior vena cava on the left to the azygous vein on the right. 
The proximal inferior vena cava and some hepatic venous tributaries are shown with no other 
contributing vessel between the diaphragm and right atrium. 
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DISCUSSION 


In 1938, Soskin, Essex, Herrick, and Mann? created a common hepatic 
vein from the proximal inferior vena cava by performing a_ two-stage 
ligation of the inferior vena cava just caudad to the liver. Kershner, Hooten, 
and Shearer’ used the same preparation, but partially ligated the inferior 
vena cava cephalad to the liver in order to produce portal hypertension. Wiles, 
Schenk, and Lindenberg*® ligated the inferior vena cava just below the liver, 
following which they placed a vein graft between the inferior vena cava just 
below the ligature and the same vessel just above the diaphragm. They then 
partially occluded the inferior vena cava just below the diaphragm, producing 
hepatic venous congestion and portal hypertension. 

Although the initial mortality in the current series was high, with in- 
creased experience and the use of plastic tubes inserted into the recipient 
vessels, the operative time has been reduced to approximately one hour and 
the mortality has diminished markedly. The operative procedure itself in 
no way alters the portal vein, hepatie artery, or hepatic veins, so that there 
should be no effect upon liver function or flow, and this appears to be con- 
firmed by the absence of ascites or demonstrable changes in Bromsulphalein 
excretion. The rise in distal inferior vena cava pressure was not sufficient 
to cause gross renal damage or to produce edema of the hind limbs. Animals 
followed for as long as 9 months continued in apparent good health. 

In the measurement of the metabolic activity of the liver, it is necessary 
to know the hepatic blood flow when the venous outflow is sampled. Using 
the animal as described, one might measure any constituent of blood simul- 
taneously with the measurement of hepatic blood flow. In addition, the 
cardiac output can be determined in order that the proportion which passes 
through the liver may be calculated. This is of particular interest in studying 
the progression of hemorrhagic shock, hypothermia, or various intrinsie liver 
diseases. 

SUMMARY 

An operation in dogs has been deseribed in which the blood in the distal 
inferior vena cava is shunted to the superior vena cava. This allows the 
proximal inferior vena cava to become a common hepatic vein in order that 
sampling of the entire mixed hepatie venous outflow may be carried out. 
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AGANGLIONOSIS OF THE ENTIRE COLON 
PauL W. Horrert, M.D., SIpNEY ZuBeR, M.D., ALBERT SALZMAN, M.D., AND 
VINCENT A. SPINELLI, M.D., NEw YORK AND YONKERS, N. Y. 


(From the Departments of Surgery, Pathology and Diagnostic Radiology, Montefiore Hospital, 
New York, and the Pediatric Service of Yonkers Professional Hospital) 


HITEHOUSE and Kernohan" in 1948 summarized a series of papers 

which pointed out the neurological disturbances in the colon wall in cases 
of eongenital megacolon. In addition, they made an excellent pathologic 
study of 11 cases of congenital megacolon and found the myenteric¢ plexus to 
be absent in the most distal part of the colon in all cases. However, Bodian, 
Stephens, and Ward*® in 1949 focused attention on the narrow segment in 
megacolon as being aganglionic. Swenson and associates'* confirmed such 
observations of the neurological defect in the rectum or lower sigmoid, and 
emphasized resection of the neurologically deficient segment, rather than the 
dilated and hypertrophied bowel proximal to this point. Although the defee- 
tive segment varies from 5 or 6 em. to 20 or 30 em. in 90 per cent of eases, 
longer segments may be involved increasing the gravity of the prognosis. 
On rare oceasions, the entire colon may lack ganglion cells, as illustrated in 
the following instance. 

CASE REPORT 

G. B., a 2-month-old white male infant was admitted to the Montefiore Hospital on 
Nov. 11, 1958, with abdominal distention and vomiting. 

The child had been born on Sept. 10, 1958, following an uneventful pregnancy and 
delivery and weighed 7 pounds 13 ounces at birth. Since birth, the child had had mustard- 
colored stools, occasionally with mucus and blood streaking. At 3 weeks of age, the chili 
was admitted to another hospital because of persistent diarrhea. A barium enema was 
performed (Fig. 1). The patient was discharged with no specific diagnosis and was placed 
on a constipating regimen with some clinical improvement. The infant remained at home 
for 1 week during which time increasing abdominal distention and recurrent vomiting 
developed, becoming very pronounced for 24 hours prior to readmission to the hospital. 
Upon admission at this time, the patient was found to be extremely ill and dehydrated, 
with marked abdominal distention. Flat plate of the abdomen revealed dilated small 
bowel loops. The impression was mechanical small bowel obstruction. The patient was 
rehydrated and explored approximately 18 hours after admission. The abdomen was 
entered through a right rectus retracting incision. The entire small bowel was dilated to 
the ileocecal junction which was patent. The entire colon was collapsed and filled with 
inspissated fecal concretions. The small bowel was decompressed with a suction tip in- 
troduced through several enterotomy incisions, and the small bowel contents were noted to 
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be thick and tenacious. It was felt that the thick small bowel contents might be a man- 
ifestation of pancreatic insufficiency. A colostomy of the ascending colon adjacent to the 
ileocecal valve was performed and brought out through a stab wound. This site was 
chosen rather than a loop ileostomy because it was felt that the electrolyte loss associated 
with the ileostomy would not be tolerated by this extremely depleted patient, Further- 
more, the location of the colostomy was close enough to the ileocecal junction that a 
eatheter could be threaded through the ileocecal valve if necessary. Postoperatively, the 
patient did well for approximately 2 weeks with gradual resumption of oral feedings and 
good functioning of the colostomy aided by occasional catheter irrigations. Thereafter, 
however, intermittent obstruction resumed with increasing abdominal distention, vomiting, 
air-fluid levels in the small bowel by x-ray (Fig. 2), and seanty discharge from the colos- 
tomy. The patient was transferred to the Montefiore Hospital for further management. 





wig; i. Fig. 2. 


Fig. 1.—Barium enema performed at 3 weeks of age showing a microcolon. 
, a. 2.—Persistence of small bowel dilatation with fluid levels following ascending colon 
colostomy. 


Physical examination on admission revealed a thin, chronically ill, dehydrated white 
male infant. Pulse was 150, respirations were 30, and temperature was 96.6° F. There was 
markedly decreased skin turgor. Physical examination was otherwise unremarkable except 
for the abdomen which was markedly distended with a prominent venous pattern. An 


ascending colon colostomy was present. 


Laboratory Data.—Hematocrit averaged 34 per cent with 10 Gm. of hemoglobin and 3 
million red blood cells. White blood count averaged 9,000 with 70 per cent polymorpho- 
nuclear leukocytes when a leukocytosis was present, and 55 per cent lymphocytes at other 
times. Urine examination was normal. Electrolytes: sodium, 134 mEq./L.; potassium, 
»5 mEq./L.; carbon dioxide, 23 mEq./L.; chlorine, 96 mEq./L.; and blood urea nitrogen, 
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normal. Stool cultures were negative for enteric pathogens; fat content was within nor- 
mal limits. Sweat test was normal. Renograffin enema of the colon showed a microcolon. 
Course in Hospital.—The patient continued to do poorly and had episodes of vomiting, 
diarrhea, and abdominal distention. He was fed intravenously and by nasogastric tube. 
In spite of vigorous efforts, the infant continued to lose ground. It was felt that an in- 
ternal shunt to bypass the aganglionic bowel might be of some benefit. 


Dec. 16, 1958, the patient was taken to the operating room where an exploratory laparot- 
In addition, a side-to-side anastomosis 


Therefore, on 


omy was carried out with lysis of many adhesions. 
of the termina] ileum to the rectosigmoid was carried out. 
the patient was noted to be cyanotic. In spite of careful tracheal toilet and repeated 
tracheal suction, the patient expired several hours following surgery. 


Immediately postoperatively, 





Gross specimen of the ileum and large bowel. The probe is through the anas- 


Fig. 3. 
tomosis of ileum to rectum. The ascending colon colostomy with attached skin is seen on 
the left. Note the dilatation of the terminal ileum at the bottom of the specimen, and the 


narrow colon distal to the colostomy. 





Postmortem Findings——The body was that of a thin white male infant measuring 38 
em. from crown to rump and 51 em. from crown to heel, It weighed approximately 3,700 
grams. On the anterior abdominal wall there was an 8.5 em. left pararectus wound which 
had been closed by black silk sutures and an 8 em. right paramedian scar in addition to 
the openings of the double-barreled colostomy. No fluid was present within the peritoneal 
cavity, but there were numerous adhesions on the serosal surface of the bowel. There was 
no dilatation of the small or large intestine except for the terminal portion of the ileum. 
The esophagus, stomach, duodenum, jejunum, and proximal ileum were normal. At the 
midileal level, dilatation of the bowel was first noted. This became progressively more 
pronounced, reaching its maximal dilatation in the terminal ileum 8 em. from the ileocecal 
valve. At this point, the bowel measured 6.5 em. in circumference. The entire small 
intestine measured 258 em. in length and contained semiliquid fecal material, On the 
serosal surface were numerous fibrous adhesions. A fresh anastomosis was present between 
the midileum and the rectosigmoid. The ileocecal valve was unremarkable. Four cm. 


distal to the ileocecal valve was the colostomy. From the colostomy to the anal margin, 
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Fig. 5. 


“. Fig. 4.—Section of large bowel showing nonmyelinated nerve trunk with absence of 
sanglion cells. (540; reduced 4.) 

uid Fig. 5.—Section of small intestine with ganglion cells present within Auerbach’s plexus. 
(150X; reduced 4.) 
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the colon measured 19.5 em., and at its widest point it measured only 2 em. in cireumfer- 
ence (Fig. 3). Grossly, the colon appeared foreshortened without the presence of any 
splenic flexure. The contents of the colon were small hard pellets of feces. The mucosa 
was unremarkable and there were no ulcerations. 

The tracheobronchial tree was filled with a thick mucoid material which completely 
obstructed the lumen. However, there was no atelectasis. The heart weighed 29 grams 
and was unremarkable. The pancreas and other organs were grossly normal, The brain 
and pituitary presented no abnormalities. 

Microscopie sections of the colon were taken at 2 cm. intervals beginning at the 
anal margin. In addition, similar sections were taken of the small bowel beginning at the 
ileocecal valve. These sections revealed absence of ganglion cells from the myenteric 
plexus of the entire large bowel (Fig. 4), although numerous nonmyelinated nerve fibers 
were evident. The muscle appeared to be of normal thickness but mild degenerative 
changes were noted within the nuclei of the smooth muscle fibers of the inner circular 
layer. Examination of sections of the small intestine revealed ganglion cells at all levels 
including the area just proximal to the ileocecal valve (Fig. 5). However, in this transi- 
tion zone, the ganglion cells were not as well developed as those found more proximally. 
There was an increase in the thickness of the muscle of the distal ileum. A mild degree 
of fibrosis was present on the serosa of both large and small bowel. Microscopic examina- 
tion of the lungs and bronchi revealed acute inflammatory changes. There were no 
abnormalities of the pancreas, brain, and other organs. 

DISCUSSION 

In its usual form, aganglionosis involves the region of the rectosigmoid 
with the production of the classical picture of abdominal distention, x-ray 
evidence of large bowel dilatation proximal to an area of narrowing and a 
history of acute intestinal obstruction beginning shortly after birth. Zuelzer 
and Wilson’ were the first to report a case of aganglionosis of the entire colon. 
Their patient had an absence of ganglion cells of the entire colon and terminal 
ileum. Bodian, Carter, and Ward? reported a case of a child with absent 
ganglion cells from the duodenojejunal junction to the anal margin. Lee* 
mentioned two cases with aganglionosis of the large bowel, one of which also 
involved the entire gastrointestinal tract distal to the stomach. Swenson and 
Iisher'! described two infants with entire colon involvement who were op- 
erated upon. Bill, Creighton, and Stevenson’ also mention two cases of agan- 
glionosis of the large bowel but fail to mention the clinical course. Howard 
and McBurney’ reported a ease with absence of ganglion cells from the entire 
colon. Finally, Swenson’® has recently: reported three additional cases of 
aganglionosis of the entire colon. With the present case, the total number of 
such eases reported to date is thirteen. Table I summarizes the clinical fea- 
tures of previously reported cases of aganglionosis of the entire colon. 

Whitehouse and Kernohan"™ did the only extensive pathologie study of 
this disease entity. Among the findings described was the presence of non- 
myelinated nerve trunks between longitudinal and circular muscle layers in 
that portion of the colon in which no ganglia of the myenteric plexus could be 
demonstrated. They also described a transition zone which might show either 
an abrupt change from absent to normal ganglion cells or the presence of a 
few scattered cells in this zone with a gradual increase as one proceeded 
proximally. Both the nonmyelinated fibers and the transition zone were seen 


in this ease. 
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Roentgen Features.—The pathognomonie findings is aganglionic megacolon 
is the demonstration of a variable length of narrowed colon distal to dilated 
large bowel. Roentgenograms may not necessarily reflect the extent of the 
microscopic involvement. Thus, Swenson and co-workers’ reported a patient 
with absence of ganglion cells in the rectosigmoid in whom x-ray examination 
demonstrated narrowing of the entire segment distal to this. It has been 
pointed out* * that the earliest rocntgen finding in aganglionic megacolon may 
be poor evacuation of the opacifying medium used in the enema. Caffey* 
states that at any age, achalasia can be excluded when the colon empties early 
and when the residual barium is limited to the terminal sigmoid and rectum. 
In a study of the roentgen appearance of the colon in the newborn infant, 
Henderson and associates® found only one patient of 22 who showed retention 
of more than 30 per cent of the enema solution. In performing the examination 
of the colon in a child with suspected aganglionic megacolon, the barium 
should be introduced slowly under fluoroscopic control, with the rectosigmoid 
examined carefully in the oblique position. Preferably, the barium mixture 
should not be introduced beyond the point at which the dilated segment of 
colon is reached.* ** When the aganglionic segment cannot be demonstrated, 
follow-up roentgenograms should be obtained at 24 and 48 hours to evaluate 
evacuation and thus inferentially indicate the presence of an aganglionic 
segment of colon. When confronted with a patient such as that herein re- 
ported who demonstrated only a diffusely narrowed and shortened colon, the 
differentiation of an aganglionic from a defunctionalized colon distal to an 
area of small bowel atresia or secondary to meconium ileus may be extremely 
difficult. In the present case, it was possible to demonstrate the transition 
from narrowed aganglionie colon to dilated normal ileum. 


Surgical Aspects—Although congenital megacolon in the older infant and 
in the child is now readily recognized, clearly understood, and, generally, 
managed well, the frequency and gravity of this disease in the neonatal period 
are not widely appreciated. Recently Chenoweth’ reviewed the problem of 
intestinal obstruction in the neonatal period due to Hirschprung’s disease, 
presenting case reports of 6 patients. The present case, representing as it 
does an unusual variant of Hirschprung’s disease, will not be considered in the 
usual differential diagnosis for intestinal obstruction in the neonatal period 
unless it is specifically kept in mind. As pointed out in Chenoweth’s article, 
the high mortality rate is largely due to failure of recognition of the disease. 
Swenson!’ has reported an experience in the operative management of 5 infants 
with aganglionosis of the entire colon. In an earlier paper, Swenson and 
Kisher™ described in detail their management of two of these infants. Both 
of these children were deficient in Auerbach’s plexus ganglion cells throughout 
the colon. They were admitted to the hospital because of abdominal disten- 
tion and vomiting. X-rays taken with the aid of barium revealed the colon 
to be essentially normal in size, the abdominal distention being due to small 
bowel dilatation. The diagnosis was established at the time of laparotomy by 
biopsy of the right colon and was confirmed by rectal biopsy. The initial 
procedure was a loop ileostomy when the infants were a few days old. By 
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making the ileostomy proximal to the physiologically obstructed colon, normal 
function of the ailmentary tract was obtained. After several months of normal 
development, the ileostomy was resected and a total colectomy was performed, 
anastomosing the ileum to the anus in the usual pull-through fashion. Both 
infants did well. In the present case, a loop ileostomy was considered as a 
possible method of handling the problem but was rejected because of the fear 
of extensive electrolyte loss in an already severely debilitated patient. Unlike 
Swenson’s cases, our patient failed to gain weight and develop normally even 
when the colostomy was functioning well and no vomiting was present. The 
clinical impression was that this patient, in addition to an aganglionic colon 
also had impaired absorption from the small bowel. The final operative pro- 
cedure was carried out to: (a)lyse adhesions which might be contributing to 
the episodes of intermittent obstruction and (b) to bypass a large segment of 
physiologically inert aganglionic colon. It was felt that, if the small bowel 
contents were placed into the rectosigmoid region, they would be evacuated by 
gravity. Furthermore, the ascending colon colostomy would act as a safety 
valve in ease of poor functioning of the anastomosis. It was hoped that this 
would serve as a temporary solution to the problem until the child was strong 
enough to withstand a colectomy and pull-through procedure. 


SUM MARY 


1. A ease of aganglionosis of the entire colon is reported. 

2. The clinical, radiologic, and pathologic features of the case are presented. 

3. An initial loop ileostomy, followed by total colectomy with a pull-through 
ileoproctostomy if the infant’s condition will permit, appears to be the treat- 


ment of choice. 
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Species Difference 
The proper study of mankind is man.—Alexander Pope, 
An Essay on Man 

There is no question that much of the progress in medicine during the 
present century has resulted directly or indirectly from animal experimenta- 
tion. Insulin, the sulfonamides and antibioties, the adrenal steroids, and the 
neuromuscular blocking agents are but a few striking examples of discoveries 
which evolved from research on animals. It is indeed fortunate that many of 
the observations made upon rats, cats, dogs, and monkeys have direct applica- 
tion to man. Were it not so, advances in the field of medicine and the sciences 
adjacent to it would be painfully slow and human beings might necessarily be 
used to screen most new ideas. Nevertheless, scientists have long recognized 
the occurrence of physiologic, biochemical, and bacteriologie differences be- 
tween man and the other mammalian species employed in investigative work. 

Some years ago, while convulsive disorders were being studied, a drug 
was developed which very effectively antagonized seizures induced in animals.' 
‘or more than a year the toxicity of this agent was investigated in the labora- 
tory and after extensive trials in mice, rats, dogs, and monkeys it was con- 
cluded that the drug was nontoxic at therapeutic dosage levels. Accordingly, 
clinical trials were initiated. At dosage levels well within the predicted non- 
toxic range, the compound was administered to a group of institutionalized 
volunteers suffering from severe epilepsy. One week after the start of therapy 
most of the patients exhibited signs of intoxication and required hospitaliza- 
tion. Fortunately, every one of the patients recovered without residual 
damage, but the members of the research team who labored to revive them 
will not easily forget this near-catastrophie instance of species difference in 
drug toleranee. 

Differences among the mammalian species which influence the applicabil- 
ity to man of the results of animal experiments are numerous. For example, 
ligation of the portal vein in the rabbit and the dog almost invariably results 
in death, while man frequently survives ligation of this vessel. Norepinephrine 
stimulates the heart of the dog, the eat, and the rabbit but has no known 
effeet upon the human heart. A deficiency of vitamin E in the diets of cattle, 
dogs, pigs, mice, rats, rabbits, and chickens results in genital degeneration, 
infertility, and acute degeneration of muscle; in contrast, there is no sound 
evidence that this substance is essential in human nutrition. Morphine 
stimulates the central nervous system of the eat, horse, pig, cow, and goat 
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causing wild mania and convulsions as well as hyperthermia and mydriasis; 
in man, however, the effects of morphine are mainly those of central nervous 
system depression manifested by analgesia and narcosis combined with hypo- 
thermia and miosis. 

A number of experimental studies have established that the portal blood 
and livers of many animals normally harbor microorganisms, that bacteria 
are of prime importance in canine hepatic ischemia, and that antibiotics are 
very effective in preventing death from hepatic arterial deprivation in the dog. 
These findings have led to the widespread recommendation that antibiotics be 
employed in human eases of hepatic ischemia and necrosis. However, the 
results of a recent investigation indicate that blood throughout the portal 
venous system of man normally is free of bacteria.*2 Moreover, other studies 
have provided uniform evidence that the human liver similarly is sterile under 
normal conditions. It is apparent, therefore, that human tissues differ 
bacteriologically from those of the dog and as a consequence the results of 
animal experiments concerning the bacterial factor in hepatic ischemia ecan- 
not be applied to man. Finally, it would appear that the rationale for the 
use of antibiotics in human hepatic damage is questionable. 

For many surgeons engaged in investigative work, the ‘‘ideal’’ experi- 
ment is one which is conceived in the laboratory, proved in animals, and 
finally confirmed in humans. Unfortunately, the opportunity to conduet 
clinical trials often must await chance circumstances at widely spaced inter- 
vals, and considerable time may elapse before a laboratory discovery achieves 
clinical confirmation. Occasionally during this hiatus conclusions are fabri- 
cated on the basis of likelihood and hope rather than as a result of sound 
evidence and established facts. 

In reporting the results of their animal experiments, investigators usually 
state with reservation that the findings may have clinical application. All too 
often, the notes of caution become a lost chord as the enthusiastic clinician 
eagerly applies recent but untested experimental findings to practice. In an 
era when scientific discoveries are being made almost hourly and medicine 
is progressing with amazing rapidity, it would seem particularly appropriate 
to recall the phenomenon of species difference and its implications regarding 
the application of observations on animals to man. 


The first and most obviously unique characteristic of man is his capacity 
for conceptual thought.—Julian Huxley, The Uniqueness of Man 
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A FUNCTIONING KIDNEY HOMOTRANSPLANT IN THE DOG 


JOHN A. MANNIcK,* Harry L. Locute, Jr.,* CHARLES A. ASHLEY, ** 
EK. DoNNALL THOMAS,*** AND JOSEPH W. FERREBEE,**** 
COOPERSTOWN, N. Y. 

(From the Mary Imogene Bassett Hospital, Affiliate of Columbia University) 


HE transplantation of organs between different individuals of the same 

species was shown to be feasible technically by Carrel in the first decade 
of the present century.‘ However, until the observations of Medawar’® in 1944 
the immunologie nature of the rejection of foreign tissue by the host was poorly 
understood, and attempts at altering or abolishing the homograft reaction were 
correspondingly unsuccessful. 

In 1951 Lorenz and co-workers® found that mice would accept homografts 
of bone marrow after exposure to large doses of total body x-radiation. Main 
and Prehn‘ in 1955 demonstrated that mice so grafted with homologous marrow 
would accept homologous skin grafts from members of the inbred strain from 
which the homologous marrow donors had been taken. These observations, sub- 
sequently confirmed by numerous investigators, suggested a general method for 
homotransplantation of tissues and organs in mammalian species including man.” 

Theoretically, if an individual is rendered capable of accepting a homo- 
eraft of bone marrow, all other tissues from the same donor should be similarly 
tolerated. The correctness of this principle is borne out by the survival and 
funetion of the homotransplanted kidney deseribed in the dog in the present 
report. 

MATERIALS AND METHODS 

A male beagle dog approximately 8 months of age, weighing 7.5 kilograms 
was selected as homograft recipient. The animal was caged in a heated animal 
room and fed a diet of commercial dog food. Prior to irradiation the dog was de- 
wormed and immunized against hepatitis and distemper. 
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Total body irradiation was administered by two cobalt’ units.’* Target 
distances were 2.0 and 2.3 meters respectively from the two cobalt’ sources, 
Three 14-inch lead plates were used as filters for each source. Combined dose 
rate was 1.8 r per minute in air measured at theoretic mid-body line. Total 
dosage was 1,300 r measured in air. 

After irradiation the dog was given prophylactic antibiotic therapy by 
daily intramuscular injections of penicillin and streptomycin. In addition he 
received weekly injections of hyperimmune dog serum.* The serum therapy 
was initiated 10 days after irradiation. Complete blood counts were done im- 
mediately prior to irradiation and at bi-weekly intervals thereafter. 

An ‘adult female beagle was selected as donor animal. The female donor 
was not related to the male recipient. On the eighth day following irradiation 
the male received a homograft of fresh bone marrow aspirated from the femur 
of the female by a technique described elsewhere.* During the succeeding week 
the male also received frequent transfusions of whole blood and platelets from 
the marrow donor. 

On the twenty-fourth day after irradiation a kidney was transplanted. The 
male recipient and the female marrow donor were anesthetized with intravenous 
sodium pentobarbitol (30 mg. per kilogram) and placed side by side on an 
animal operating table. Through a long subcostal incision, the left kidney of 
the donor was mobilized and the renal vessels were dissected free of all fat and 
areolar tissue to their origins at the aorta and vena cava, respectively. <A 5 
to 8 em. length of ureter was similarly freed. The incision was covered with 
a handkerchief gauze and attention was directed to the recipient. Through a 
lower abdominal midline incision, the right common iliae artery and vein of the 
male recipient were freed in preparation for the contemplated vascular anasto- 
moses. The wound of the donor was next uncovered and a Beck-Pott’s clamp 
was used to isolate the portion of the aortie wall containing the origin of the 
left renal artery. This segment of aortic wall was then excised as a ‘‘patch’’ in 
the manner described originally by Carrel.2_ The renal vein was clamped near 
its origin and transected through the origin of its major branch, the left ovarian 
vein. Transection at this point provided a cut end of wide circumference. The 
portion of ureter previously dissected free was clamped distally and divided. 
A bulldog clamp was placed across the renal vessels near the hilum. The open 
end of the vein and the origin of the renal artery contained in the patch of 
aortic wall were washed out with heparinized saline. The kidney was next 
transferred to the recipient and inverted as described by Merrill and associates,"" 
so that the ureter was anterior and the vein posterior. The right common 
iliae vein of the recipient was then isolated between bulldog clamps and the 
renal vein of the kidney graft was sutured end-to-side to the iliae vein with a 
running suture of 5-0 arterial silk interrupted in two places. In a similar 
fashion the patch of donor aortie wall containing the origin of the renal artery 
was sutured end-to-side to the right common iliae artery of the recipient. Renal 
Pitman-Moore 


*Generously supplied by Dr. H. C. Taylor, Tmmunochemistry Department, 
Co., Indianapolis. 
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Number 

circulation was then restored and the eut end of the ureter was implanted into 

the dome of the recipient’s bladder using the ‘‘fishmouth’’ or ‘‘double flap’’ 

technique.'' The kidney graft was allowed to lie free in the right iliae fossa of 

the recipient. The defect in the donor’s aorta was sutured and the incisions in 

both dogs were closed in layers. Sterile technique was used throughout. The 

total period of ischemia of the renal homograft was approximately 45 minutes. 
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Fig. 1.—Summary of laboratory and clinical data. 


IRRADIATION aaa 


OBSERVATIONS 


Laboratory and clinical observations are summarized in Fig. 1. 

By the tenth day after infusion of homologous marrow, the recipient animal 
showed hematologic evidence of a successful marrow graft. Polymorphonuclear 
leukoeytes of female-type* appeared in the peripheral blood smear, and the blood 
platelet counts rose. At the same time the dog lost its fever and lethargy and 
began to eat well and to gain weight. 

On the thirty-fourth day following irradiation the dog’s own kidneys were 
removed, and a biopsy was taken of the renal transplant. The biopsy showed 
normal kidney tissue (Fig. 2). Immediately after the nephrectomy the blood 
urea nitrogen rose to 48 mg. per cent. It then fell to normal levels as indicated 
in Fig. 1. 
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The animal remained well and in excellent physical condition until the 
sixty-second day postirradiation. At this time he suddenly developed thrombo- 
eytopenia with a platelet count of 10,000 per cubie millimeter. A bone marrow 
biopsy showed normal cellularity with normal-appearing megakaryocytes in 
normal number. On the sixty-fifth day petechial hemorrhages appeared in the 
gingiva and the animal developed tachypnea and cough. Cortisone therapy 
was begun at a dosage of 100 mg. per 24 hours, and the animal was given oral 
tetracycline. On the sixty-seventh day the platelet count rose to 84,000 per 
eubie millimeter. The white blood count remained normal. On the sixty-eighth 
day the deg became febrile and developed unmistakable signs of pneumonia 
on the right. Cultures of the pharynx grew Escherichia coli. Penicillin, strepto- 
mycin, and Chloromycetin were added to the antibiotic therapy, and the dog was 
placed in a humidified oxygen tent. Fluoroscopy on the seventy-second day re- 
vealed diffuse infiltration of the right lung field. The animal failed to improve 
and died in severe respiratory distress on the seventy-third postirradiation day. 

At autopsy the homografted kidney appeared entirely normal (Fig. 3). The 
lungs contained foci of hemorrhage. The pleurae and cut surfaces showed 
sharply cireumseribed, rounded, small (2 to 5 mm.) areas of yellow-white con- 
solidation. Microscopie examination of the lung showed a severe bronchopneu- 
monia with areas of intense infiltration by polymorphonuclear leukocytes (Fig. 
4). There were also areas of hemorrhage and areas where the alveoli were 
filled with large foamy macrophages. The inclusion bodies of distemper could 
not be found in bronchial mucosa or elsewhere in the body. 

The lymph nodes showed aggregates of lymphocytes in the outer portions 
but no germinal centers (Fig. 5). The peribronchial nodes showed necrosis and 
polymorphonuclear leukocytie infiltration. They contained blood and phago- 
eytized red cells. In the spleen were: collections of lymphocytes but no germinal 
centers. Phagoeytie cells were loaded with hemosiderin. 

The bone marrow was extremely cellular. Megakaryocytes were numerous, 
but the vast majority of the cells were of the myeloid series with a large number 
of immature forms (Figs. 6 and 7). Extramedullary hematopoiesis was present 
in the liver and in the spleen, primarily focal areas of megakaryocytes and im- 
mature myeloid cells. 

DISCUSSION 

A series of observations in one animal does not establish the reliability of 
a method or technique. The survival of the animal reported is, however, of 
sufficient duration and the cause of death sufficiently irrelevant to demonstrate 
that an adult animal may be induced to accept a homotransplanted kidney for a 
significantly useful period of time. The renal homograft described is known to 
have functioned normally and to have borne the whole load of nitrogen excretion 
for 39 days. At autopsy 49 days after implantation, the homograft had a normal 
histologic appearance. 

Dempster* and Simonsen™: '* have suggested that the plasma cells which 
characteristically infiltrate the renal parenchyma in the early stages of normal 
rejection of kidney homografts may be of graft origin and may represent the 
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j —Normal histologic appearance of biopsy of kidney 10 days after transplantation. 
(Magnification 130 x.) 


Fig. 3.—Normal histologic appearance of kidney at autopsy 49 days after transplantation. 
(Magnification 130 x.) 


Fig. 4.—Lung at autopsy showing consolidation with acute 
macrophages at periphery. (Magnification 130 x.) 
_ Fig. 5.—Lymph node at autopsy showing lymphoid aggregates but no follicles. (Magnifi- 
Cation 130 x.) 
_ Figs. 6 and 7.—Bone marrow at autopsy showing marked cellular hyperplasia. (Magnifi- 
cation 130 x and 560 x.) 


inflammation in center and 
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beginning of a graft versus host reaction. This infiltration was not seen in the 
homograft reported here. Since our experimental circumstances are grossly 
different from those of Dempster and Simonsen, there would appear to be several 
explanations for this seeming discrepancy. For example, the graft versus host 
reaction, as presumed represented by plasmacytic infiltration, may be transient 
and may have subsided at the time our first and only biopsy was taken, 10 days 
after renal transplantation. It is also possible that a kidney versus host reaction 
does not take place in the presence of a successful marrow graft from the same 
donor, for reasons obseure. And finally the plasma cells seen by Dempster and 
Simonsen may have been of host origin and the concept of a graft versus host 
reaction there applied may have been in error. 

The irradiation, marrow transplantation, and postradiation care used in the 
dog reported reflects experience gained in this laboratory with a series of ir- 
radiated dogs grafted with homologous'® and autologous* bone marrow. The 
principles of management currently employed and believed to be of significance 
in securing homografts include: 

1. A High Dose of Total Body Irradiation.—A dose of two times the lethal 
dose, or more, appears to be necessary for successful marrow transplantation in 
the dog. 

2. A Large Marrow Transplant.—Suceesstul marrow homografts in dogs 
are obtained with marrow infusions of 5 billion or more nucleated cells more con- 
sistently than with smaller numbers. Five billion cells are not always necessary 
but appear desirable. 

3. A ‘Late Plant.—The data in this laboratory-are insufficient to permit 
final decision as to the proper time after irradiation for the transplantation of 
bone marrow. There is some experimental evidence suggesting that the chances 
for a successful marrow homograft are enhaneed in the dog if the homologous 
marrow is infused not immediately after irradiation but later when the host has 
fully developed aplasia of marrow and lymphoid tissue. 

4. Fresh Blood and Platelet Transfusions and Antibiotics in the Postirradia- 
tion Period.—During the period of aplasia before marrow graft function begins, 
irradiated dogs frequently develop interstitial hemorrhage in their lungs fol- 
lowed by bacterial and viral pneumonitis, hemorrhagic consolidations, and death. 
It appears that these complications can be diminished by the intravenous ad- 
ministration of fresh blood and platelets and by the liberal use of antibiotics. 

5. Hyperimmune Serum.—lIrradiated dogs with functioning homografts of 
marrow suffer a prolonged period of impaired immunologic responsiveness, mani- 
fested by lymphopenia, failure of histologic recovery in the lymph nodes and 
spleen, and inability to ward off infections, particularly the endemic canine 
virus diseases. Continued passive immunization with hyperimmune serum has 
appeared logical and useful in prolonging the survival of these animals, par- 
ticularly those held in infected kennels. 

The episode of thrombocytopenia that was followed by hemorrhagic pneu 
monia and death in the dog reported here warrants comment. These complica- 
tions are potentially relatable to the immunologic abnormalities and inadequacies 
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observed in irradiated dogs with functioning homografts of bone marrow. As 
such they come under the heading of secondary syndromes or diseases seen with 
graft-host reactions. While it is tempting to postulate that a host immune sys- 
tem recovering from radiation formed antibodies and lysins against circulating 
donor platelets, such reaction, if it occurred, failed to involve other cells of 
donor origin, leukocytes, erythrocytes, or renal cells. A thrombocytopenic epi- 
sode of this type has not been seen in our previous experience with irradiated 
dogs bearing marrow homografts. Whatever the mechanism, the fact remains 
that only two irradiated dogs with successful marrow homografts have survived 
more than 100 days. The usual cause of death has been pneumonia complicating 
distemper, hepatitis, or leptospirosis. 

The fact that grafts of kidney and marrow were tolerated in the animal 
described may be merely a reflection of its general immunologic inadequacy.* 
The observation of graft survival, however, is not unique. Another irradiated 
dog with marrow graft from a litter-mate sister has also borne a kidney graft 
from the marrow donor for 30 d.s. The dog died of leptospirosis and ascaris 
infestation. At autopsy the engrafted kidney showed no homograft reaction. 
Studies are planned to test whether animals such as these will react to grafts 
of skin or kidney from donors other than the marrow donor. 


SUMMARY 
A male beagle dog was given supralethal whole body irradiation with 

cobalt-*’, 1,300 r in a 12-hour period. Eight days after irradiation he received 
an infusion of homologous bone marrow from an unrelated female beagle. The 
marrow graft was successful. Female leukocytes appeared in the peripheral 
blood in normal number. Sixteen days after the marrow graft a kidney was 
transplanted from the female into the male. Ten days later the male’s own 
kidneys were removed. Except for a brief period of adjustment, blood urea 
and electrolyte concentrations remained normal. The homotransplanted kidney 
functioned normally until the death of the animal from intercurrent pneumonic 
disease 49 days after kidney transplantation and 73 days after irradiation. At 
autopsy the homotransplanted kidney showed no gross or microscopic ab- 
normality. 
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